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Titanium Metal Supply Date:11/5/2019
12215 Kirkham Road Cust PO No.: 19-11567
Suite 300 TSI WO 'Noe.: 179344
Poway, CA 92064
USA
GRADE SIZE / OUANTITY MELT SOURCE / HEAT NUMBER
Ti 6Al-4V ELI Diametet: 4.5000" RTI-Niles
821 Lbs 8K45627
SPECIFICATIONS

AMS-4930H,J(EXC) AMS-6932B,C(EXC) MIL-T-9047G Am.2 Not.1,2 4/98*

ASTM F136-13% ASTM B348-13 Gr. 23 ASTM B348-13.Gr. 5

ASME SB348-13,-17 Gr. 23 EN10204:2004 Type 3.1

COMPLIANCE STATEMENTS

No weld repair. Mercury free during processing.

No exposure to radioactive materials.

Material Safety Data Sheets (MSDS) available upon request

Melt source - RTlInternational. Melt method: EB+VAR

Chemistry performed by RTI International (AEBG vendor ne. 72566).

Residual elements each less than 0.10%; less than 0.40% total.

Final product testing performed by WMTR, Inc.

Bar product was produced from ingot by open die forging and rotary forging at Cartechi Latrobe and forging operations-at TSI Titanium.
Machined surface finish to tolerance of +0.0625", -0.000".

This lot has been sampled, tested, and inspected in accordance with the specification(s) and purchase order requirements.

Melted and manufactured in the United States. Product complies with DFARS 252.225-7008; 252.225-7009, and 252.225-7014, Alt. 1
TSI Titanjum has complied with all producer requirements of AS6279B (4.1.3)

Orig. issue: 11/04/2019. Amended 11/05/2019 to include ASTM B348-13 Gr. 5. Original test reports remainvalid.

HEAT TREAT CONDITION
Annealed per AMS-H-81200D: 1300F, 2.00 hours at temperature. Air Cooled.

TSI Titanium.is Nadcap accredited for Heat Treating and can be found on the Nadcap Qualified Manufacturers List.

METALLOGRAPHY
Macro and micro ‘acceptable per applicable specfications.
Alpha case free:

Cross section is outside the scope of the mechanical and metallographic requirements for the specifications that have an asterisk or the EXC
suffix,

This certificate shall not be reproduced (¢xcept in its entirety), and no modifications, additions or deletions shall be'made hereto, without the express written consent of
TechSpec, Inc,~Making, adding or recording any false, misleading, fictitious or fraudulent statements or entries.on this document may be punishable as a felony under Federal
statutes.

The specifications and additional information set forth in this certificate are accurate with respect to the niaterials described herein as of the date sst forth above. Any
subsequent thermo-mechanical or similar processing (including any such processing to change the gauge, condition or specification of materials described herein) shall nullify
the information set forth in this certificate and TechSpec, In¢. shall have no responsibility for, and makes no representations or warranties with fespect to, any such processing
orthe matenals resulting therefrom.

Registered ISO 9001/ AS9100 Company TSL16-001 02/20/2013
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NON-DESTRUCTIVE TESTING
Immersion ultrasonic, including circumferential shear wave, acceptable per:
AMS-2631E CL. A1,A Gr. |
AMS-STD 2154C Type 1.CL. A
MIL-STD-2154 Type 1.CL. A
NAS 824 Rev. 2 Gr. A
Inspection performed by West Penn NDT.

HEAT NO.: 8K45627 CHEMICAL ANALYSIS - WGT%
C Mn P S Si Cr Ni Cu Mo W Fe
T 0.015 0.16
B 0.014 0.16
Co Ti Al \4 N Zr Sn B O H Y
T Bal. 6.28 4.11 0.004 0.12 0.0010 0.0010
B Bal. 6.40 4.42 0.004 0.11 0.0011 0.0010
Beta Transus: T- 1785 B-1795
PHYSICAL ANALYSIS
ID UTS 2%YS % ELONG
PSI PSI Elong4D | Elong5D % RA Hardness Hyd Final - %
B2B12.L 134,100 125,100 16.0 13.0 42.0 33 HRC 0.0021
B2B22 L 132,900 123,900 16.0 14.0 43.0 0.0026

sfY Lo, L/:l@)t@w /'/ 5/ 20!

Maltlgcw J. Woiton,-QA Certification Manager

This certificate shall not be reproduced (except in its entirety), and no modifications, additions or deletions shall be made hereto, without the express written consent of
TechSpec, Inc.. Making, adding orrecording any false, misleading, fictitious or fraudulent statements or entries on this document may be punishable as a felony under Federal
statutes.

The specifications and additional information set forth in this certificate are accurate with respect to the materials described herein as of the date set forth above. Any
subsequent thermo-mechianical or similar processing (including any such processing 10 change the gauge, condition or specification of materials described herein) shall nullify
the information set forth in this certiticate and TechSpec, Inc. shall have no responsibility for, and makes no representations or warranties with respect to, any such processing
or the materials resulting therefrom.

Registered IS0 9001/ AS9100 Company TS[16-001 02/20/2013
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m‘mﬂwﬁ New Kensington, PA 15068
iy lmw, Ph 724-334-1900

WEST PENN | Fax 724-334-9785

TesTing Group info@westpenntesting.com

Ultrasonic Inspection Report

TechSpec Inc. _ Report 14303
718 Y Street WO 79700
5/22/2017

Derry; PA 15627

PO: 115293
Size: 45
Material: Ti6-4 Eli
Order #: 179344
Heat #: 8K45627
Net Weight: 1646
Type of Test: UT Immersion '
Specifications: AMS 2631 Rey D Class A1, Class A, MIL-STD-2154 N/C Type 1 Class A, AMS-STD-2154 Rev A
Type 1 Class A, NAS 824 Rev 2 Grade A
Procedure: CLI-1045 Rev 12
Acceptance: CLI-1045 w/shears Class A1, Class A Rev 12
Total Pieces Pleces Pieces - Reason for
Inspected Accepted Rejected - Rejection
4 4 0 -

The recording of false, fictitious or fraudulent statemants or enfries on this document may be punishable as a felony under Federal Statutas Ircluding

Federal Law, Title 18, Chapter 47. . .
During the test and Inspections, the products fumished against this order have not come In direct contact with mercury or any of its compound nor

with-any mercury-contalning devices employing a.single boundary of contalnment.

Inspector: BCappo UT Level 1, CSmith UT Level2
Inspection Date(s): 5/22/2017

Respectfully su ed,

scar Lewls Director of Quality
WEST PENN TESTING GROUP, INC.
Please send your comments and concerns to us at feedback@westpenntesting.com




FORM 44A REV 1/7/{0 TEST REPORT PAGE_l o 1
DATE SALES ORDER NO. | GRADE " [PACKING LIST NO.
2 271555 6AL-4V EL| 80505873
R T I 4 RTINILES CUSTOMER NAME, ADDRESS
o i ( 1 | <] 1000 WARREN AVE, CUSTOMER ORDER NO.
In&gnﬂgtﬁ)ga NILES, OHIO 44446 TECH SPEC, INC. __ (o7
R = MATERIAL  «] FORGED AND CONDITIONED T BLOOM
IDENTIFICATION & REFER | INGOT NO G E SPEGIFICAT!QN CHEMISTRY ONLY: AMS 493 0H, GE 8400 DTD 5/ (8/15
MATERIAL NUMBER N+ ASTM B 348-13 GR. 23, AMS-T-9047 6AL-4V ELI DTD 5003
8K45627 | 01| 00 |ASTHIF 136-13, ZES 2A-81R, . AMS 69328,
PRODUCTION ORDER ML—T-Q{MGG Ar_vf_z NOTICE 1, D_’m 2!8!93 6AL-4V BLL i
30215881 i
3

CHEMISTRY:

”jmsor (AVERAGE 5f TOP-CENTER-BOTTOM) Elmcor wERAGE ofrop-sorrom meu. PRGBUC

THISIS TO CERTIFY THAT THE
ABQVE TEST RESULTS ARE

ELEMENT} TOP . |CENTER|BOTTOM TESTINFORMATION _|FRACTURE TOUGHNESS _ Kksly
C  |ots oz Jow [ TesT . N . LA G sﬁ_—‘w'mﬂ iz
N |,004  |.004 004 < “JAll "'\ RTL mo"ﬂilas.orr(eammmprmmm} D Tauqhness# Val, Ck
Fe'l 16 |18 A6 \ A ! o
Al 628 J630_ |60
\Z 41l Jd17 . |442
o) | EE N NP i, 7 D P i)
Y. zloeeM <ioppw [<10 PPM JRESIDUAL ELEMENTS, EACH. <.10%
- A W RES];'DUAL ELBNIENTS TOTAL <30%
C'-EENHSTRY TE'.S’I‘ METHODS
ALLOY CHEM: SPARK. OES.
02/N2: ASTME 1409
HYDROGEN: ASTM E 1447
- : _ CARBON: ASTME 1941
I | BALANCE_ L
FINAL ~ loxy.. .J.° : : <A _—
PRODUCT|[HYDIPPM)| TIA 10 " [BIAL 11 _ATMR 3/4" BELOW SURFACE: T1A 26 |B1A1 27 : ; g
PROPERTIES .~ ; " | | This certificate shall not
) 1 / 7 A / /. s be-reproduced-except In
HULTIMATEKSI .| T i ol [ T L tTul without writtert
WiEw & ] / T £) / approval of the RTI
(_2%) OFFSET T l f S / I ' f ! 'ntemaﬁoﬂal ME!EIS Inc.
% ELONGATION | L ¥ A oY/ £ [ ]'ab atwhich itwas
{INCHES) i {2 X ¢ / ) S J  preparid, Thereccrdrng !
_ _ — - of false, fictitiouss, or
% REOUCTION .~ | L. / / / / /! fraudulant
INLAREA T / / / ] 54 nt statements or
St : . ahtr{es an this
X ‘ L / ; . L / {documenits may 6o
BEND 105 T. / /- BEND 180 L l { puniished as a falony
HARDNESS T _ STATIC NOTCH under federal law.
BETATRANSUS _|DTA (£10°F): T1A 1786°F BIA1 A796°F &
CREEP . - .' :
) ULTRASGNIG
HEAT TREAT/
TEST FORGE N
SHIPPING _ OTHER DATA:. \\  cis 2L Ty S -
NO. OF PIECES 3 AINGOT WAS MELTED AT RTT NILES, NILES, OHIO, USA. MELT METHOD: EB + VAR
WEIGHT (LBS) - 193140 ]
SIZE (N 8.00 XDIA XRIL s FREE OF MERCURY CONTAMINATION AND FAS NO WELD REPAIR.
ESTEEE X X___IRTTFAS COMPLIED WITH ALL PRODUCER REQUIREMENTS OF AS&219.

IMATERIAL WAS TESTED AT AN APPROVED GENERAL ELECTRIO SOURCB SA.TISFYI'NG THE

CORRECT AS CONTAINED IN THE
RECORDS OF THE COMPANY AND  JREQUIREMENTS OF 5-400.

CONFORM TO ORDER | G
REQUIREMENTS [VATERIAL COMPLIES WITH DFARS EDITION 1998, SECTION 252.735-7014, 27008, 705,

WILLIAM A COLLETTA /R, CERTIA! 0
NAME/TITLE: i C{R CATIONS SPECIALIST/ery

SIGNED:

/

DATE:

RN

S




FORM 44A REV 1/7/10

TEST REPORT PAGE__ L. of_ 1 _

. DATE SALES ORDERNO. |GRADE PACKING LIST NO.
o | Tar1586 BAL-4V ELI 80505874
R T I 4 RFINILES CUSTOMER NAME, ADDRESS . -
- ional 1000 WARRENAVE. | CUSTOMER ORDER NO.
In&éggt}ggla ~ NILES, Qi 4444 TECH SPEC., INC. _ lodemo
: . MATERAL | FORGED AND CONDITIONED TIBLOOM

e ASCATION S Rt oo G _. O [&:R | SPECIFICATION CHEMISTRY. ONLY: AMS 4930, GE S400 DTD /16715

MATERIAL NUMBER _ - f. o {ASTM B 348-13 GR. 23, AMS-T-0047 6AT 4V ELLDTD 5/03
81(45627 1 01 00 JASTM F 136-13, ZES 9A-81R, ANS 69328,

PRODUCTION ORDER

30215882

| NDL“T-9045G AM.2 NOTICE L DTD 2/8/95 6&4\;’ ELI

CHEMISTRY:

| Iincor {AVERAGE of TOP- GENTER—BO'I‘TQM) [j INGOT (AVERAGE afTOP BonoM) E} FINAL PRODUCT

ELEMENT TOP__|CENTER|BOTTOM] . “TEST tNFORMATION o JFRACTURE TOUGHNESS |, KSIV
e~ o015 024|014 .. TES.T. g TLAB- TN . Spsclman Size LT
N- .004 __J.004 . |.004 . _All m-mu Mlles, oatcsnw-mmvatmssa) g ‘1D [ Toughness & Val Ck
Fe. 16 118 |16 | - ; . = T FY T
AL 623|630 _ [640- | %
V&1l _J417 1442 :
0. A2 e C gt . . |
Y <10:PPM <10 ppM[<10 PEM |RESTRUAL E:LEMENTS BACH <10% |
' RESIDUAL ;@NENTS TOTAL‘-SO%
CHEMIST&Y TEST METHODS:
ALLOY CHEM: SPARK OES
|O2/MN2: ASTM E 1409 -
HYDROGEN: ASTM E 1447
R i CARBON: ASTM E 1941 :
LS B . BALANCE - s .
FINAL . foxy ] : : As .
PRODUCT [HYD(PPM) T1A 10 [BIAL Ll _ATMR 3/4" BELOW SURFACE: TIA 26 |BIAL 27
PROPERTIES Ttils cmﬂﬁmta shau not
. o L / / -/ " / | be raproducad except in .
JULTMATEKSL . |'T / / / = -} | full without wiitten
YIELD ' Ll / / =1 ) /. 7| approval of the RT!
(:2%).OFFSET [T, ] / [ L [ | Intenatidnal Metals, Inc:
% ELONGATION [ L' I | / Jh / / lab at which 1t was
(INCHES) _ {i.T] % I V2 I 7 prepared. The racording
% REDUCTION | L] / > / ! T of falsa, fltifouis, or
e = ; j = T T 1 fraudulant statements of
A —F - eilries on tifs
— 1, / / _ . / ! | dacurhients may be
BEND. {08 - T / [ BEND 80 . v / ~f Puriished as a felginy
HARONESS G _ ; . [STATIE NOTCH 1 uf [,
BETA TRANSUS _ [DTA (£10°F): TIA 1786°F . BIA1 1795°F .. . . ; : ' e ok
CREEP " : ; - ;
ULTRASONIC
HEAT TREATI
TEST FORGE
SHIPRING X IOTHER DATA: _
NO.OFPIECES | (5 OT WAS MELTED AT RT{NILES, NILES, OHIO, USA_ MELT METHOD: EB +
WEIGHT (LBS) - 9,380.0 Im—q Lo BB VAR
SZEQN) 1800 X DIA X R/L ISATaniAL 15 FREE OF WERCURY CONTAMBIATION AND TS 310 WELD REPAIR,
JTESTPIECES ) TCHAS COMPLIED WITH ALL PRODUCER REQUIREMENTS OF ASG27. '
THIS [S.TO CERTIFY THAT THE
ABOVYE TEST RESULTS ARE MATERIAL WAS TESTED AT AN ABPROVED cm«m ELECTRIC SOURCE SATISFYRNG T0E

CORRECT AS CONTA[NED [N THE
RECQORDS OF THE COMPANY AND

REQUIREMENTS OF S-400,

CONFORM TO ORDER
| REQUREMENTS

MATERIAL COMPLIES WITH DFARS EDITION 1998, SECTION 252-225-7014, '-'7003. =7009, :

LIAM A COLLETFA IR, CERTIFICA’
AME/TITLE: WF. 1ﬂ' m. TIONS SPECLALIST/ervw

sisf L M

DATE: 3w




Westmoreland Mechanical Testing oI Research, Inc. R
®.0.Box 388; 221 Westmoreland Drive

Youngstown, ®A 15696-0388 V.S.A

'Te[epﬁone: 724-537-3131 Fax; 724-537-3151

Website: ‘www.wmtrcom  E-Mails admin@wmir.com

WMTCIR is a technical leader in the matenial testing industry
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TechSpec, Inc. : WMT&R Report 7-62960
P.0. Box 69 P.O. No, 115294

Derry, PA 15627 | W.0. No. 179344

Condition: Annealed

Attention: Mark Sobota

Subject: Alphe Case, Microstructure, Macrostructure Examinations, (fhemical Analysis and Hardness of submitted
samples per ASTM F136-13, AMS-T-9047 A, MIL-T-9047G, | AMS 4930H, ASTM B348-13 Gr. 23, ASME SB
- 348-13, AMS 69328, ASTM 1472-14, IMS 0111 Rev. 8 and 1SO 5832-3-96

Introduction: :
Nine (9) samples, submitted as Ti 6-4 Eli material, Size: 4.500” in diameter, identified a5 Heat No. 8K45627, were

received if the laboratory, prepared, etched, and éxamined with the following results. :

Results:

REQUIREMENTS: Nore Allowed
Sample Disc-B2B12: No alpha case observed: A thin intermittent white burnished layer was observed. This
is due to machining of the surface and not considered alpha.case. - Acceptable (Test Log No. 7799BH)

Ji 0F (Etchant: Krolls) - Magnification 200X - :
REQUIREMENTS: Fine dispersion of the alpha and beta phases resulting from processing. in the alpha plus beta
field No continuous network of alpha in prior beta grain-boundaries. For ETTC 11 similar to Figs AI through A9

Sample Disc-B2B12: (Surface and Center) Fine dispersion of elongated and slightly elongated primary
alpha in a transformed beta matrix resulting from the processing in the alpha plus beta field. There is no
continuous network of alpha in prior beta grain boundaries. No coarse, elongated alphaplatelets were
.-o-bser‘-,-ed“- - R . L L R L N TN . P - . - -— " - - - - -
Similar-to Fig A9 of ETTC Il - Aceeptable (Test Log No. 7799BH)

MACROSTRUCTURE — AMS 2643E (Etchant: HNO; + HF + H;0
REQUIREMENTS: Uniform, no defects

Sample Disc-B2B22: No defects. Finer surface around the surface. — Acceptable (Test Log No. 7800BH)
Sample Disc-B2B22X: No defects. Finer surface around the surface. ~ Acceptable (Test Log No. 7801BH)

HARDNESS - ASTM E18-16
REQUIREMENTS: No Requirements :
Sample Disc B2B12: 33 HRC — Report (Test Log No 7802BH) -

NOTE: THE RECORDING OF PALSE, FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISHABLE AS A FELONY UNDER FEDERAL STATUTE."
"THIS CERTIFICATE OR REPORT SHALL NOT BE REPRODUCED EXCEPT IN FULL, WITHOUT THE WRITTEN APPROVAL OF WMTE&R, TNC.

Testing Specialists for Aerospace, Automotive, and Material Testing Fields
Locations in Youngstown, ®A-U.S.A. ~ Tel (724) 537-3131 and

............
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Results Continugd:

CHEMICAL ANALYSIS
Specimen 1D Chem-B2B12 | Chem-B2B22
Test Log No. 7797BH 7798BH
Elements Max. Results Results
Hydrogen | 120 ppm 21 ppm 26 ppm.

Accéptable per ASTM F136-13,, MIL-T-9047G, AMS 4930H, ASTM B348-13 Gr. 23, ASTM 1472-14, ASME SB
348-13,AMS 6932B, IMS 0111 Rev. 8 and 1SO 5832-3-96 chemical requiretnents.
Equipment used: LECO- '
LECO analysis performed in accordance per ASTM E1447-09 :

Additional specification: G.E. Specs 8-400 (dated 6/3/2016) and-5-1000 (dated 01/19/2017) (GE Vendor code T7869)

If you have any questions conceming this report, please feel free to contact me.

At yo rvice, =

Andrew M, Wisniewski
Metallographic/Chemical Analysis Manager
000/RAA/jeg/VP
¥ \DRAWER-ANDY\TECHSPEC\2017/7-62960 ;
UMENT MAY BE PUNISHABLE AS A FELONY UNDER FEDERAL STATUTE.”

NOTE: THE RECORDING OF FALSE, FICTITIOUS, OR. FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOC :
THIS CERTIFICATE OR REPORT SHALL NOT BE REPRODUCED EXCEPT IN FULL, WITHOUT THE WRITTEN APPFROVAL OF WMT&R, INC.
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