Update to CA 1671

Since this CA was originally dispositioned on April 20, MTK was able to provide some
photos from the test bars (attached). This update is being written to include this additional
information.

These photos were sent to Bob Keilback for his assessment (see e-mail below).
Based on this update, this CA is now considered CLOSED; as Bob indicated, the test
bars did, indeed contain flaws that contributed to the lower test values exhibited.

Approved by:

. Digitally signed by Phil B d Dig?tally_signed by Brad_NeIson
P h |I Henzenroe_der ) ra DN: cn=Brad Nelson, c=US,
DN: cn=Phil Heitzenroeder, 0=0ORNL, ou=FED,
H c=US, 0=PPPL, ou=Mech. Eng. email=nelsonbe@ornl.gov
Heitzenroeder ouisin N eISO N Date: 2006.07.18 12:08:10
Date: 2006.07.18 10:55:40 -04'00" -04'00"
Tech. Rep. RLM

----- Original Message-----

From: Keilbach, Robert [mailto:Robert.Keilbach@wgint.com]
Sent: Thursday, June 08, 2006 8:33 AM

To: Phil Heitzenroeder

Cc: Frank A. Malinowski

Subject: RE: Two requests

Phil,

1. The test specimen failure surfaces appear to be not homogeneous, with some
evidence of pores and inclusions.

2. We do not have a qualified WPS. However, the addition of tack welds would
likely hold the nut in place for tightening; even if the weld(s) cracked, the
obstruction caused by the weld on the Stelalloy should prevent the nut from
turning.

Bob

From: Phil Heitzenroeder [mailto:pheitzen@pppl.gov]
Sent: Wed 6/7/2006 9:57 AM

To: Keilbach, Robert

Cc: fmalinowski@pppl.gov

Subject: Two requests



Bob,

I'd appreciate your feedback on two issues that came up on NCSX:

1) The attached ZIP file contains photos of the test bars for A6, which had the
lower elongation values. Could you please give me your opinion as to the quality
of the test samples? Originally MTK said the lower values were due to defects in
the bars. Unfortunately the half of the bars that they based this opinion on were
discarded by the test lab. "

They feel that these halves do not support this "defect" assessment fully; what
do you think?

2) Some of the flange counterbores will not be accessible to hold the nuts for
tightening. We were wondering if we simply got A286 nuts if we could tack weld
them to the Stellalloy to hold them during torquing. Do you know if we could weld
these two alloys together?

Thanks!

Phil

From: PETER DJORDJEVICH [mailto:pdjord@sbcglobal.net]
Sent: Tuesday, June 06, 2006 12:07 PM

To: Frank A. Malinowski; Phil Heitzenroeder; Nancy Flowen
Subject: A6 test bar photos

File changed to TXT from zip.

These are better photos forwarded to me by MetalTek in relation
to A6 test bar failures.
Sincerely,

Peter Djordjevich



CA 1671 Photos
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Carondelet Division

8600 Commercial Blvd. « Pevely, MO 63070 USA
Phone: 636-475-2199 « Fax: 636-479-3399
E-Mail: Charles.Ruud@MetalTek.com

Draft Corrective Action 1671
Carondelet Division

Corrective Action Type NCR

Date 4-10-06

CA Originator C. Ruud

Applies to: A-6 Coil

Description of Defect / Non-Conformance

Test bar from zone 1 failed elongation at -320 F. Result was 20% versus a minimum of 32%.
The original set of three bars, Z-1, Z-2 and Z-3 were sent for testing. Z-1 failed for elongation,
26% vs 32% minimum and Z-3 failed for elongation 19% vs 32% minimum. All other results
were acceptable. Retests were ordered. The second results were similar. Z-1 failed for
elongation, 25% vs 32% minimum and Z-3 failed for elongation 13% vs 32% minimum, but
broke outside the gauge length. The third set of bars was tested. Z-3 passed and Z-1 failed
for elongation, 20% vs 32% minimum, but broke outside the gauge length. All other test
results were acceptable. See attached test reports.

Root Cause

We believe the failures are due to the test bars are located where the metal flowing into the
casting is cooler and large grains form as a result. This has caused failures on C-5 and C-6
coils. We have ordered photo macrographs to see if this is the case.

Corrective Action
Use A-6 as is.

Actual Completion Date
TBD

Signed: C. Ruud

CC: B. Craig, J. Edwards, E.J. Kubick, J. Markham, J. Galaske





Westmoreland Mechanical Testing ¢ Research, Inc.

PO, Box 388
‘H’ksmnrthmf'ﬂriw @ﬂcurmﬂ'n-d
Youngstown, Pa. 15696-0388 U.SA. adcap
‘i'iziépfianﬁ: 724-337-3131 - Fax: 724-537-3151 Matarials Tesiing Laboratary
. ACGCREDITED
Website: wavw wmir.com -
WMTerR is a technical leader in the material testing industry. IR
March 9, 2006 CERTIFICATION Sectian 1 of 1
WMT&R Report No. 6-23847
MetalTek Intematianal P.0. Mo, 19385
The Carondebsl Division Requisition Mo. 7580
8500 Commercial Bhd.
155 Industrial Park
Pavely, MO 63070-1528
Allention: Jim Galaske )
Subject: All processes, parformed upon the material as recaived, were conducted at WMTAR, Inc. in accordance with the WMTSR CQuality Assurance Manual, Rev. 9, dated 4/1/2000.

The following tests were performed on this order: TENSILE

TENSILE RESULTS: ASTM E21-05

Requirements: UTS ksi (Min 95\Max -} 0.2% ¥5 ksl (Min 72\Wax =) 4D Elong. % (Min 32\Max —) Modulus Msi (Min 21\Max -
SOAK TIME: 5 Minutes

SPEED OF TESTING: 0.003 inJin/min., 0.05 in/min.fin.

MATERIAL: 316 S/5 _ DISPOSITION: Acceptable
Coll | Specimen | TestLog | Temp. urs 0.2% Y5 | Elong | R | Modulus | UIL Load | 0.2% YLD. | Org. Final | 4D Orig | 4D Final 'Drig. Area | Machine | AWNR
Ma. Mumber | °F ki kel % | % | Msi Ib# It iz, gn.) | Dia. Gn.) | LG | GLGNRY | dsq.in) | Number |
| AB 2 DiB313 | 320 | 1847 100.1 61 | 41| =280 | 15730 o516 | 03408 | 02608 | 140 | 225 |008610135| M3 | A

ANNR: A=ACCEPTABLE, U=UNACCEPTABLE, R=REPORT
TENSILE RESULTS: ASTM E21-05 '
Requirements: UTS ksl (Min 85WMax - 0.2% ¥S ksi (Min 72\Max -~) 4D Eleng. % (Min 32WMax - Medulus Msi (Min 21\Max --)
SOAK TIME: 5 Minutes
SPEED OF TESTING: 0.003 inJinJmin., 0,05 in/minJin,

MATERIAL: 316 /8 DISPOSITION: Unacceptable
Call | Specimen | TestLog | Temp. urs 0.2% YS | Elong | RA | Modulus | UIL Load | 0.2% YLD, | Orig. Final | 40 Crig | 4D Final | Qvrig, Area | Machine | ALNR
Mo, Mumber | *F ksi ksi % | % sl Ibf Ibf Dia. {in.) | Dia, (n.) | GLOR) | GL(In) | (sg.in) | Number
AG Z1 Di8312 | -320 161.1 108.9 26 {1 28.7 15470 10460 0.3497 | 02929 140 1.76 0.0B604 541 M3 u
AE Z3 D18314 | -320 157.5 111.2 19 28 0.9 15140 10600 03458 | 0.2959 140 1.67 008610135 Mg u

AR A=ACCEPTABLE, UsUNACCEFTABLE, R=REPORT

M A-9-O6

oy E.
Technical Services nsile, Buponisor March 9, 20048
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T T e e e Testing Specialists for Aerospace, Automotive, and Material Testing Frelds
Cocations it Youngstown, 08 US4 ~ Tell (724) 537-3131 and





Westmoreland Mechanical Testing ¢ Research, Inc.

PO, Boy 388 :
%hﬂa}?ﬁm{@ﬂlw Acerasdited
Doungstown, Ta. 15696-0388 USA : @m
‘Tdepﬁom: 724-537-3131 Fax: 724-537-3151 Mararins Testing Labarsiery
Website: wamw . wmtr.com : .
WMTeR is a technical leader in the material testing industry. ) _ 82101 62102
April 3, 2006 CERTIFICATION - a i : Secton 1 of 1 )
: - WMTER Report No. 6-25662
Metal Tk Intarnational . P.O. No. 19385
The Carondelet Division e Requisifon No. 7580
BE00 Commercial Bhvd,
1-55 Indusirial Park

Pevely, MO 63070-1528

Attenthon: Jim Galashe

Subjeck: Al procasses, performed upon the matarial as received, were conducted al WMTAR, Inc, In accordance with the WMTAR Quality Assurance Manual, Rev. 9, daled 4/4/2000.
The following tests wera performed on Lhis arder: TENSILE

TENSILE RESULTS: ASTM EX-05

Requiraments: UTS ksl (Min 95Wax —) 0.2% YS ksl (Min 72\Max —) 4D Elong. % (Min 32Max —) Modulus Msi (Min 21\Max —)
SOAK TIME: 5 Minutes

SPEED OF TESTING: 0.003 In./in.fmin., 0.05 In./min.fin,

MATERIAL: Motaltek CFEMNMnMOD DISPOSITION: Accoptable
Coll | Specimen | Testlog | Temp. | UTS [ 0.2% Y5 | Elong | RA [ Modulus | Uik Load | 0.2% YLD, | Orig. | Final | 4D Orig | 40 Frai Orig. Area | Machine | ALAR
Mo, Number | °F ksl ksi % | % | msl ibf Iof | Dia. (n) | Dia, in) | GL(in) | GL{n) | (sq.in) | Number
AR Z2 Darran ] _ann THE2 99.8 58 | 444 053 18120 SEI? 0384 D.EEE’JI 140 | Lz 00968250 (-] A

ALNR: A=ACCEPTABLE, U=UNACCEPTABLE, R=REPORT
TEMSILE RESULTS: ASTM E2-05
Requirements: UTS ksl (Min 85Wax —) 0.2% YS ksl (Min 72Wax —) 4D Elong. % (Min 32#ax —) Modulus Msi {in 21\Max -)
S0AK TIME: 5 Minutes
SPEED OF TESTING: 0.003 In.finJmin., 0.05 in./min_fin,

MATERIAL: Mataltek CFBMNMnMOD DISPOSITION: Unaccaptable
Call | Spacimen | TeslLog | Termp. | UTS | 0.2% vs Elong | RA | Modulus | Codes | UIL Load | 0.2% YLD, Qrig. Final |40 Orig (4D Final | Orig. Area | Maching | AWAR
No. Mumber | °F ksl ksi % | % | M Inf it |Dia. ()| Dia.in}f GL(GN) | GLON) | (sq.in) | Number
Al Z1 Da0718 | -320 | 18681 | 108.1 25 | 26| 2Te — 16050 10450 | 03508 | 03024 | 1.40 175 | 0.02665160 | WD )
AR Z3 DAO720 | -320 | 1207 105.2 13 [18] 7s o 12540 10170 | 03508 | 0.3153 | 1.40 1.58 | 009665160 | Mo u |

AWIR: A=ACCEFTABLE, U=UNACCEPTABLE, R=REPORT

Requkemenls provided by MatalTek internations!

D - Ruptured cuiside middle half of gage length.
PRI Y O e L4 FULLY PO PR S XTSI 4, WA TS BALT OH THE FOSAL
DL AL, PCTITIO O PRALSULINT 1 T8 1EMLMTS (% REFRET ERTATO8Y

mmmﬂfﬁllmm URCER § s, . . . '
STATUSES, 1108 CXTTAIZATE cot AP S48 HOT 86 FEPROEUCED Testing _fpe.;mﬁ.sz_-.'far'}!ea'a_-.'pm'r, Automotive, nﬂar:ldnr:nufﬁ"emng Figlds

T e T Locations in Youngstown, ®A USA ~Tel (724) $37-3130 and’
Banbury UK, ~ Tel +44 (0) 1295 261211






Westmoreland Mechanical Testing ¢ Research, Inc.

PO, Box 388
%tmgﬁfﬂﬂl{ﬂdﬁ Aceiadited
Obungstown, Pa. 15696-0388 U.5.A. M
‘Tdép.‘iarte: 724-537-3131 Fax: 724-537-3151 Mutarials Teating Laborareey
Whebsite: wuw. wmntr.con .
WANETe R, is a technical feader in the material testing industryy. £2101 & 62402
April 10, 2006 CERTIFICATION Seclion 1af 1
WMTAR Roport No. 6-26T80
BAatal Tak Intamational P.O. Mo, 10386
Thia Carondatel Division Requisition Mo, T5E0
B600 Commercial Blvd,
|-55 industrial Park
Pevely, MO 630701528
Attentior Jirn Galaske
Subject: All processes, perfarmad upan the matarial a9 recaived, were conducted at WMTER, inc. in accordance with the WMTER Quality Assurance Manual, Rev. 8, dated 4112000

Tha teficwing tests were performed on this order: TENSILE

TENSILE RESULTS: ASTM E21-05
Requirements: UTS bai (Min 5Wax —) 0.2% Y5 ksi (Min T2Max —] 4D Elong. % (Min 321Max —) Modulus Msi (Min 21iMax —)

SOAK TIME: 5 Minutes

SPEED OF TESTING: 0.003 infinjmin., 0.05 InJminudin.

MATERIAL; Metaitek CFEMNMnMOD DISPOSITION: Accapiable
Coil | Specmen | Tesllog | Temp.| UTS | 0.2% Y3 Elong | RA | Modulus | Ut Load | 0.2% YLD, | Ovig. Final | 40 Onig | 4D Final | Orig. Area | Machine | ALV
Mo, Murmber | °F sk ksl % | w| M ik i Dia. (jn.) | Dia, {in} | BL N | GLgin) | (eq.In) | Mumber
AL Fd D38A3 | 320 165.8 100.8 m | 8.6 16070 arT4 03513 | 02823 1.40 1.80 | 0.0969273 M3 A
_;E Z3 DaBBe4 | -320 160.9 3.7 44 | 4 265 15540 ao45 0.A507 | 02686 1.40 202 | D.0BE59G50 MG A

AUTWR: A=ACCEPTABLE, U=UNACCEPTABLE, R=REPORT
TENSILE RESULTS; ASTM E21-05
Regquirements: UTS ksi (Min 95\Kax —) 0.2% S ksl (Win 72\Max —) 40 Elong. % (Win 32\Max —) Modulus Msi {Min 21\Max -}
SOAK TIME: 5§ Minutes
SPEED OF TESTING: 0.003 InJintmin., 0,03 inJmin.fin.

MATERIAL: Mataltek CFEMNMnMOD DISPOSITION: Unacceplable
Coall | Specmen | Tesilog | Temp. | UTS 0.2% ¥5 | Elong | A | Modulus | Codes | UK. Load | 0.2% YLD, [ Orig. Final |40 Orig |40 Final | Orlg. Area | Machine | ALNR
Mo Nuribar *F ksi ki % B Mai b o Dia, (in.)| Dia, P} | GL (in.} | GL {In) {5q. In.} Mumbar
aG 1 Daseaz | -320 134.7 100.2 x| 23 260 D 13030 ST0O 03510 | 03084 1.40 1.68 | D.0BETE184 .5 u

MLNVR: A=ACCEPTABLE, UsUNAGCEPTABLE. R=REPORT

Requirements provided by MetalTek Intemational .

D - Ruplured culside middba half of gage length. _L—L—CDFGE:
LY (A WILLPULLY AR R OHORAL A A MATE R AT 35 THE FOFU Aprdl 10, 2006
o At AL AL, FICTITEOUS 068 FRAVTALERT §EATERMEHTE O MERaLs IHTATORA.

L it
iSOV oM it Testing Specialists for Aervspace, Antomotive, and Material Testing Fields

Locations in Youngstown, ®4 USA - Tell (724) 537-3131 and
Banfury UK, ~Tel +44 (0) 1295 261211





Disposition:

Casting Al is accepted AS IS, and EIO is authorized to release this casting for shipment as
soon as they feel it is appropriate. However, this NCR will be left open, pending MTK’s final
analysis of why the elongation test results for many of the A6 specimens were significantly
below spec and previous results and varied so much. It is noted that the test values other
than elongation are very good. The data below compares the elongation values for most of
the castings produced to date. What is unusual about A6 is that the Z2 values are better
than the values for many of the other castings. However, the values for Z1 and Z3 are lower
than the others. MTK thinks this is due to the faster cooling rate at the cast on specimens.
This first “slug” of alloy is cooled as it travels through the cold mold. However, the mold
dryers are on for 12 hrs. or so prior to the pour, so the mold temperatures are not thought to
vary very much. The third bar broke outside of the gauge length. The “valid” bars broke at
25 and 26%. One of the “good” bars failed at 19% (thought to be due to a defect); a
substitute bar had a value of 44% elongation. The rule is if there is a defect in a test bar, it is
appropriate to re-test.

Elongation C-1 C-2 C-3 C-4 C-5 C-6 A-1 A-2 A-3 A-4 A-5 A-6
Z1 62.0% 41.0% 45.0% 58.0% 30.0% 34.0% 51.0% 59.0% 54.0% 49.0% 37.0% 25.5%
Z2 44.0% 61.0% 60.0% 44.0% 46.5% 37.0% 59.0% 56.0% 40.0% 43.0% 59.0% 51.3%
Z3 61.0% 61.0% 62.0% 60.0% 61.5% 56.0% 58.0% 54.0% 59.0% 46.0% 50.0% 31.5%
Elongation
70.0% Elongation
60.0% 1 70.0%
50.0% = =l U H 60.0% 4 % 7
A
40.0% H O DZ 50.0% - \\:\/\:
=]
30.0% H HEH N HMH 40.0% - —o—Z1
oZ3 - )
20.0% H 30.0% 7
10.0% - H HEHHBHHH 20.0%
0.0% T B I S e— 10.0% -
C-C-C-C-C C A- A A- A-A- A 0.0%
123 456123456 C1 C2 C3C4C5C6ALA2A3A4 A5 A6

Approved by:
. . Digitally signed by Phil Heitzenroeder Digitally signed by Brad Nelson
Phil Heitzenroeder % Sz eizenosser.c = us, o=pepL. DN: cn=Brad Nelson, c=US, 0=ORNL,
Reason: | agree to specified" portions of this ra e S O n 0u=FED, email=nelsonbe@ornl.gov
locument g -
Date: 2006.04.20 14:37:36 -04'00" Date: 2006.04.24 11:33:03 -04'00'
Tech. Rep. RLM

Implemented by:

EIO Representative(s
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Metalifél!

Carondelet Division

8600 Commercial Blvd. « Pevely, MO 63070 USA
Phone: 636-475-2199 « Fax: 636-479-3399
E-Mail: Charles.Ruud@MetalTek.com

Corrective Action 1671
Carondelet Division

Corrective Action Type NCR

Date 4-10-06 Revised 6-2-06 DRAFT

CA Originator C. Ruud

Applies to: A-6 Cail

Description of Defect / Non-Conformance

Test bar from zone 1 failed elongation at -320 F. Result was 20% versus a minimum of 32%
The original set of three bars, Z-1, Z-2 and Z-3 were sent for testing. Z-1 failed for elongation,
26% vs 32% minimum and Z-3 failed for elongation 19% vs 32% minimum. All other results
were acceptable. Retests were ordered. The second results were similar. Z-1 failed for
elongation, 25% vs 32% minimum and Z-3 failed for elongation 13% vs 32% minimum, but
broke outside the gauge length. The third set of bars was tested. Z-3 passed and Z-1 failed
for elongation, 20% vs 32% minimum, but broke outside the gauge length. All other test
results were acceptable. See attached test reports. A fourth set of 3 test bars were tested.

All results were acceptable. See last report. Please note that the identification of these bars
was not readable, but it is believed that they came from zones 1, 2 and 3.

Our experience with cryogenic tensile testing is that it is very sensitive to a multitude of
variables. Therefore our experience is to retest and the material passes on the retest.
The timing of this testing is that it typically takes three to four weeks to get results.
Also we do not have the opportunity to view the bar prior to sending more material for a
retest.

To determine if any of the failed test for A-6 coil contained defects all the test bars from
the first two sets of testing were photographed. See attached report 06M0467. Only the
last test bars showed a flaw. This sample failed outside the gauge length. Only one
half of the bar was available as the laboratory disposed of the portion set earlier for
grain size analysis.

Root Cause
See attached report, with attachments.

Corrective Action
Use A-6 as is.

Actual Completion Date
Completed 4/20/06.

Signed: C. Ruud %M

CC: B. Craig, J. Edwards, E.J. Kubick, J. Markham, J. Galaske
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Addendum to CA 1671
Effect of Solidification Microstructure on Tensile Properties of Stellaloy
J. Edwards and C. Ruud, MetalTek International

Overview

The development of “Stellaloy” by MetalTek International commenced in 2003 with the
modification of the base 316 material primarily for magnetic permeability requirements. Initial
results demonstrated that this material is extremely robust mechanically at both ambient and
cryogenic temperature ranges. Tensile properties gathered from integrally cast test
specimens poured with the modules have shown variability. While most have far exceeded
the specification minima, outliers have shown to demonstrate reduced elongation.

Background

Initial tests on the C5 casting showed that the elongation was lower in test bars associated
with Zone1 than in other areas of the casting. Repeat tests showed the same result (Table 1).
Based on this result, the microstructure of the test specimen was examined and
characterized compared to other test bars integral to the same modular coil casting. Resuits
are shown in figures Lab report 05M1167, Figures 1, 2 and 3.

Similarly, testing of the A6 casting has shown a lower elongation in the test specimens
associated with Zone 1. Testing was repeated in specimens from the same zone with
reproducible results (25-26% elongation at 77K), although one test demonstrated a 20%
elongation with breakage outside the gauge. Results of this test are shown in Table 1l and
associated microstructures in Figures contained in WMTR#6-26780.

The tensile test variation seems to demonstrate correlation to microstructure with finer grains
and heavily dendritic structures showing lower elongation. Other properties are generally
well above specification for both samples.

The attached test specimens from the production coils are machined to a 0.350” diameter
(“sub size” or SS) bar. The strain rate on the production components is 0.003 in/in/min to
yield and 0.05 in/min/in to fracture.

Analysis

The test specimens are attached to metal feeders (“risers”) in the modular coil casting mold.
The attachment of these test specimens is largely determined by convenience due to
accessibility of the feeder and orientation to a natural interface between mold components
(cope, drag, and cores). Metal is introduced into the mold through a series of ceramic tubes
from any of 3 ladles and mixes naturally upon entry into the mold cavity.

Attached test specimens are filled by the molten metal at different temperatures and at
different elapsed time from mold filling onset. The combination of elapsed time and
geometric location of the attached specimens resulits in a range of solidification structures
based on the superheat of the metal entering the specimen as well as the rate of heat
extraction from the metal through the sand wall due to mold temperature surrounding the
specimen (Table lll). In general, cooler metal temperatures favor multiple nucleation sites
while cooler mold temperatures promote nucleation at an accelerated rate on the mold





surface. Hotter metal temperatures result in fewer nucleation sites and more growth of
individual grains during solidification.

Results

1. The properties measured from attached test specimens vary; however, exceed the
specification minima in most cases.

2. lIsolated test bars have shown depressed elongation values of approximately 25-29%.
Microstructural analysis of these test bars demonstrate that the microstructure is
generally fine grained and may or may not contain heavily dendritic structure.

3. Test bar structure is the result of solidification physics of the test material and not
associated with physical differences of Zone location.

4. Stellaloy continues to test well across a variety of microstructures at both 77K and RT.

Table 1l

High Metal Temperature

Low Metal Temperature

High Mold Temperature

Little incentive for
nucleation and low
thermal gradients.
Large columnar grains.

Multiple nucleation sites
within material, but little
thermal gradient to mold.
Creates finely dispersed
equiaxed structure within
metal with little
correlation to mold wall.

Low Mold Temperature

Strong dendritic structure

with multiple mold
surface nucleation sites.
Relatively “fine”
appearance of closely
spaced dendrites.

Multiple nucleation sites
with primary sites on
mold walls.
Intraspecimen nucleation
as solidification
progresses. Broken
dendritic with equiaxed.
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Certificate No. 0397-01 NOT OFFICIAL WITHOUT THE RAISED SEAL OF ST. LOUIS TESTING LABORATORIES, INC.
Certificate No. 0397-02 SEE REVERSE FOR CONDITIONS.

2810 Clark Avenue e St. Louis, MO 63103-2574 e (314) 531-8080 » FAX (314) 531-8085
Chemical, Metallurgical, Mechanical, Nondestructive, Environmental Testing, Analyses and Field Service.

May 22, 2006

Lab No. 06M0467
METALTEK INTERNATIONAL Inv. No. 68967
8600 Commercial Blvd. P.O. No. 21324
Pevely, MO 63070 Page 1 of 1

Attention: Chuck Ruud
REPORT OF ANALYSIS

MATERIAL: 6 Ea. Pulled Tensile Specimens Of Coil NO. A-6
SUBJECT: Fracture Examination ‘
PROCEDURE AND RESULTS:

The fracture surface for each sample was examined using a stereomicroscope.

Microscopic examination of the fracture surface of the round 1, zone 1 sample disclosed no visible
evidence of voids or inclusions. The typical appearance of the fracture surface is shown in Figures
1and 2.

Microscopic examination of the fracture surface of the round 1, zone 2 sample disclosed no visible
evidence of voids or inclusions. The typical appearance of the fracture surface is shown in Figures
3 and 4.

Microscopic examination of the fracture surface of the round 1, zone 3 sample disclosed no visible
evidence of voids or inclusions. The typical appearance of the fracture surface is shown in Figures
5 and 6.

Microscopic examination of the fracture surface of the round 2, zone 1 sample disclosed no visible
evidence of voids or inclusions. The typical appearance of the fracture surface is shown in Figures
7 and 8.

Microscopic examination of the fracture surface of the round 2, zone 2 sample disclosed no visible
evidence of voids or inclusions. The typical appearance of the fracture surface is shown in Figures
9 and 10.

Microscopic examination of the fracture surface of the round 2, zone 3 sample disclosed no visible
evidence of inclusions. Further examination of the fracture surface disclosed the presence of what
appeared to be dendritic growth near the center of the fracture. The presence of dendrites on a
fracture surface typically indicates the presence of a shrinkage void. The typical appearance of
the fracture surface is shown in Figures 11 and 12.

Tl Hh—

Nicholas Holtmann
Metallurgical Testing

MEMBER

AN OFFICIAL COPY OF TEST REPORT WILL BE PROVIDED BY THIS LABORATORY ON REQUEST.






FIGURE 2





FIGURE 4





FIGURE 6





FIGURE 7

FIGURE 8
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FIGURE 9
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FIGURE 11
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