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S steel Dynamics, Inc:

1 oeag Vronducts Group

8000 N. County Road 225 East
Pittsboro, IN 46167

Phone: (317) 892-7000

Fax: {317) 892-7285

Certified Material Test Report

Heat # : A174587
Sigma Tube and Bar, LLC

Mill Order : 1718824
Sales Order : 184567-1

Cert#: 273738

Work Order: 238065 Customer :

issued : 10/9/2017 13:56:12
PO # : M01505418-1

Load #: 281087 Reference # : Reference Desc : End Use :
Size: 5-1/4" Shape : Round Grade : 4140 Length: 20' 1"
Grain Practice : Al Fine Grain (5-8) per ASTM A28 Reduction Ratio : 6.7 w01 Disposition : Rolled Prime
Ladle Chemistry Analysis (ASTM A29
C Mn P s si Al Cu Ni Cr Mo Sn N vV Cb B ca W T DI

0.42 081 0009 0.007 028 0025 0.4 022 1.05
Pb Co As Sb Zr Bi  Hpem Opm Ceq
0.001 0006 0.003 0.002 0.000 0.000 1.1 0.85 192

J-Factor

022 0.007 0.0082 0.023 0.027 0.0004 €.0014 0.00C 0.001 6.73

Product Check Analysis (ASTM A29)

C Mn P S Si Al Cu NI Cr Mo Sn N v Cb Ti B
0.44 0.86 0.010 0.011 026 0.019 015 022 103 0.21 0.007 0.0080 0018 0.020 0.00%

044 088 0.012 0008 026 0.018 0.15 023 1.08 022 0.008 0.0100 0018 0024 0.001

Front
Back

0.0005 0.0010
0.0004 0.0004

Ca o

Jominy (ASTM A255)

J1J2 J3 J4 Js J6 J7 Jg

%% 4 8 7T § W 18 18 20 2 W 33 N0 & D

39 J10  Ji2 J14 J16  J18  J20 J24  J28 J32
Calc'd Standard 57 57 57 57 57 57 57 57 57 57 57 55 52 51 51 51 49 45

—

10 08 00 00 00 00 10 05 :

Cale'd Metric
M g2 J3 a4 U5 36 J7 U8 43 N0 J12 J14 J16 J18 J20 424 J28 J32
Front
Back
Microcleaniiness (ASTM E45) Microcleaniiness (DIN 50602)
) MethodA Method C. Method E K M
AT AH BT BH CcT CH DT DH S o SAM "B" SAM "D” S (o] Tot Tot

Decarb Grainsize Macrostructure (ASTM E381 Magnetic Particle inspection
Depth % of Diameter Austenitic Ferﬁtlc { o] Frequency Severity
8 2
Mechanical Properties (ASTM A370)
) Tensile Properties Hardness
Tensile Strength 0.2% Yield Strength % Elong (2") % ROA 0.35% EUL Yield Strength (MR) (Surf)

Steel Dynamics - Enginesred Bar Products has a quality system in place which has been certified ISO 9001:2008 compliant, including PED certification.

Comments/Specs
Electric Are Fumnace Melted - Vacuum Tank Degassed -—-- UT Tested to ASTM A388 1/

Heat Treatment - Magnetic Particle Inspection Capabie ---- Test Bars taken from Production Heat Treat Bars

SFBH -— UT Tested to ASTM A388 1/8FBH ~- Nermalize, Q&T,

Straighten, Stress Relieve —-- Normalize, Q&T, Straighten, Stress Relieve --— DINEN 10204:2004 Paragraph 3.1 ——~ Pres Equip Direct(PED)
97/23/EC/7/2 Anx |, Par 4.3 -— Sigma Tube & Bar STB-20 Rev 5 (125-140k Yield) --— EAF, VTD, 10x14 Continuous Bloom Cast -—- Batch Furnace

dwyrick
10/9/2017, 4:15 PM i
MTR Approved |
Condition : Normalize, Quench, Temper, Straighten, Stress Relieve, Shot Blast
| hereby certify that the content of this report is correct and accurate, and that ail tests N e R 2. i

and operations performed on this material were in compiiance with applicable materiai
specifications and purchasar designated requirements.

Jonathan Valioslo - Rolling Mill Metallurgist (ES)

Any alteration to this reporl voids Steel Dynamic's warranting of resuits. N
not been exposed to radioactivity whiie under the control of Stesi Dynamics. This material ha

o weld repair has been performed on this materiai. This material is not radioactive and has
s not been exposed to mercury while under the control of Steel

Dynamics. Uniess otherwise noted, this material was meited, continuaily cast, and rofied in the USA; w/ ali testing perfi d by Steel Dy
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Cert#: 273738

Work Order :

Load #: 281087

238065

Steel Dynamics, Inc:

Enginaerod Bar Products Division

Mill Order : 1718824

Sales Order :

Reference # :

184567-1

Heat #: A174587

Customer :

Reference Desc :

Certified Material Test Report

Heat Treatment Addendum

Sigma Tube and Bar, LLC

8000 N. County Road 225 East
Pittsboro, iN 46167

Phone: {317) 892-7000

Fax: {317) 892-7285

issued : 10/9/2017 13:56:14

PO #: M01505418-1

End Use :

Size : 5-1/4" Shape : Round Grade : 4140 Length : 20" 1"
Normalize Austenitize Quench Media Temper Stress Relieve
Time Temp Time Temp Type Tlme_ Temp Time Temp Time Temp
3.63hrs 1650 F 3.8 hrs 1600°F  Water 20 min 100-104°F 64 hrs 1100°F 60hrs 900 F
" Furnaces are calibrated to APl 6A Annex M, and use atmospheric thermocouples.
** QTCis 12" prolongation from longitudinal orientation machined to a 0.505" buttonhead for tensiie.
Gharpy Impact (ASTM £23) (v-notch | 10mm x 10mm} Impact Energy (ft-lbs) Lateral Expansion (0.001") % Shear
Sample IC Orientation Location Temp(F) 1 2 3 Avg 1 32 3 Avg 1 2 3 Ay
40700 Longitudinal Mid-Radius Q1 -26 61 59 59 60 24 25 25 25 50 50 50 50
41000 Longitudinal Mid-Radius Q1 -26 67 66 67 67 26 32 36 31 60 60 60 60
41700 tLongitudinal Mid-Radius Q1 -26 51 51 50 51 25 20 21 22 50 50 50 50
Hardness (ASTM A370)
Sample ID Location HB
40700 Mid-Radius Q1 307
41000 Mid-Radius Q1 305 dwyrick
' : 10/9/2017, 4:16 PM
41700 Mid-Radius Q1 324
MTR Approved
40710 Mid-Radius Q2 307
41010 Mid-Radius Q2 305
41710 Mid-Radius Q2 324
Tensile (ASTM A370}
Sample ID Orientation Lacation Tensile 0.2% Yield  0.6% EUL Yield %ROA %E (27)
40700 Longitudinal  Mid-Racius QI 149,800 psi 131,700 psi 131,900 psi 54 18
4100C  Longitudinal  Mid-Radius Q1 142,100 psi 122,200 psi 123.050 si 55 19
41700  Longitudinal  Mid-Radius Q1 148,000 psi 126,800 psi 124,500 psi 53 19
41010 Longitudinal Mid-Radius Q2 139,100 psi 112,000 psi 119,300 psi 56 19
41710 Longitudinal  Mid-Radius Q2 155.800 psi 136,500 psi 135.800 psi 52 19
4710 Longitudinal NR Qi 147.000 psi 127,500 psi 127,600 ps 53 18
| hereby certify that the content of this report is correct and accurate, and that ail tests N o) / o
and operations performed on this materiai were in § with icable materiai t _‘.NzL-' AN

specifications and purchaser deslgnated requirements,

Jongthan Vallosio - Bar Finighing Metailurgist

LAny aiteration to this report voids Steei Dynamic's warranting of resuits.
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