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NIST Traceability ... What i1s Needed?

« Whatdo I need to do to support a claim of traceability? To support a
claim, the provider of a measurement result or value of a standard must
document the measurement process or system used to establish the claim
and provide a description of the chain of comparisons that were used to
establish a connection to a particular stated reference. There are several
common elements to all valid statements or claims of traceability:

— aclearly defined particular quantity that has been measured

— acomplete description of the measurement system or working standard used to
perform the measurement

— a stated measurement result or value, with a documented uncertainty

— acomplete specification of the stated reference at the time the measurement
system or working standards compared to it

— an internal measurement assurance program for establishing the status of the
measurement system or working standard at all times pertinent to the claim of
traceability

— an internal measurement assurance program for establishing the status of the
stated reference at the time hat the measurement system or working standard
was compared to




General Requirements in ISO 17025

e The general requirements for traceability Iin
ISO/IEC 17025:2005:

— 5.6.1 All equipment used for tests and/or
calibrations, including equipment for subsidiary
measurements (e.g. for environmental conditions)
having a significant effect on the accuracy or
validity of the result of the test, calibration or
sampling shall be calibrated before being put into
service.
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General Requirements in ISO 17025

« [tis an obligation of the laboratory to justify the need for
calibration. In ISO/IEC 17025:2005, the further traceability
requirement for calibration laboratories Is:

— 5.6.2.1.1 For calibration laboratories, the programme for calibration
of equipment shall be designed and operated so as to ensure that
calibrations and measurements made by the laboratory are traceable
to the International System of Units (SI) (Systeme international
d'unites).

ye.
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General Requirements in ISO 17025

 For reference standards the traceability requirements
of ISO/IEC 17025:2005 are:

— 5.6.3.1 The laboratory shall have a programme and
procedure for the calibration of its reference standards.
Reference standards shall be calibrated by a body that can
provide traceability as described in 5.6.2.1. Such reference
standards of measurement held by the laboratory shall be
used for calibration only and for no other purpose, unless it
can be shown that their performance as reference
standards would not be invalidated. Reference standards

shall be calibrated before and after any adjustment.

PJLA




General Requirements in ISO 17025

e Clause 5.6.2.1.1 In ISO/IEC 17025:2005 further
states that “When using external calibration services,
traceability of measurement shall be assured by the
use of calibration services from laboratories that can
demonstrate competence, measurement capability
and traceability”.

* For equipment and reference standards that must be

calibrated, the ILAC policy is that they shall be

calibrated by:




ILAC Policy ...

1) An NMI whose service Is suitable for the intended
need and is covered by the CIPM MRA. Services
covered by the CIPM MRA can be viewed in
Appendix C of the BIPM KCDB which includes the
range and uncertainty for each listed service.

— Note 1: Some NMIs may also indicate that their service is covered by the
CIPM MRA by including the CIPM MRA logo on their calibration certificates,
however the fixing of the logo is not mandatory and the BIPM KCDB remains
the authoritative source of verification.

— Note 2: NMIs from Member States participating in the Metre Convention may
take traceability directly from the BIPM. The KCDB provides an automatic
link to the relevant BIPM calibration services (including the range and
uncertainty). Individual calibration certificates issued by the BIPM are also

listed. L#
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ILAC Policy ...

2) An accredited calibration laboratory whose service Is
suitable for the intended need and is covered by the
ILAC Arrangement or by Regional Arrangements
recognised by ILAC.

Note 3: Some calibration laboratories indicate that their service is covered by the
ILAC Arrangement by including the ILAC laboratory combined mark or the
accreditation symbol of the ILAC and/or regional MLA full member
accreditation body on the calibration certificate and this may be taken as
evidence of traceability.

ye.
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ILAC Policy ...

3a) An NMI whose service Is suitable for the
Intended need but not covered by the CIPM
MRA. In these cases the accreditation body
shall establish a policy to ensure that those
services meet the relevant criteria for
metrological traceability in ISO/IEC
17025:2005 and that the calibration
certificate includes statements concerning
measurement uncertainty and traceability.

OR

e



ILAC Policy ...

« 3b)A calibration laboratory whose service IS
suitable for the intended need but not covered
by the ILAC Arrangement or by Regional
Arrangements recognised by ILAC. In these
cases the accreditation body shall establish a
policy to ensure that those services meet the
relevant criteria for metrological traceability
In ISO/IEC 17025:2005 and that the
calibration certificate includes statements
concerning measurement uncertainty and
traceability.
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ILAC Policy ...

« Laboratories that have demonstrated traceability of
their measurements through the use of calibration
services offered according to 1) or 2) above have
made use of services that have been subject to
relevant peer review or accreditation. In the situation
where 3a) or 3b) applies, this is not the case and the
laboratory must therefore ensure that appropriate
evidence for claimed traceability and measurement
uncertainty is available and the accreditation body

shall assess this evidence. Further guidance is

found In Annex A.




General Requirements in 1ISO 17025

5.6.2.1.2 There are certain calibrations that currently cannot be
strictly made in Sl units. In these cases calibration shall
provide confidence in measurements by establishing
traceability to appropriate measurement standards such as:

— the use of certified reference materials provided by a competent
supplier to give a reliable physical or chemical characterization of a
material;

— the use of specified methods and/or consensus standards that are
clearly described and agreed by all parties concerned.

Participation in a suitable programme of inter laboratory
comparisons Is required where possible.

ye.
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ILAC Policy ...

4)Clause 5.6.2.1.2 can only be applied in the
case In which the laboratory has demonstrated
that the policy 1) to 3) cannot reasonably be
met. It IS the responsibility of the laboratory
to choose a way to meet 5.6.2.1.2 and to
provide evidence that 5.6.2.1.2 Is met. This
evidence shall be documented and the
documentation shall be assessed by the
accreditation body.
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ILAC Policy ... Testing

 The ILAC Arrangement in testing covers both
testing laboratories accredited to ISO/IEC
17025:2005 as well as medical laboratories
accredited to 1SO 15189:2012. In ISO/IEC
17025:2005, the requirements for traceability
In testing laboratories are:

e



ILAC Policy ... Testing

5.6.2.2.1 For testing laboratories, the requirements given in
5.6.2.1 apply for measuring and test equipment with
measuring functions used, unless it has been established that
the associated contribution from the calibration contributes
little to the total uncertainty of the test result. When this
situation arises, the laboratory shall ensure that the equipment
used can provide the uncertainty of measurement needed.

NOTE The extent to which the requirements in 5.6.2.1 should be followed
depends on the relative contribution of the calibration uncertainty to the
total uncertainty. If calibration is the dominant factor, the requirements
should be strictly followed.

ye.
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ILAC Policy ... Testing

5)If the calibration of instruments used in testing
contribute significantly to the overall uncertainty, the

same policy for traceability applies (as detailed under
1) to 4) above).

6)If a calibration is not a dominant factor in the
testing result, the laboratory shall have quantitative
evidence to demonstrate that the associated
contribution of a calibration contributes little
(insignificantly) to the measurement result and the

measurement uncertainty of the test and therefore
traceability does not need to be demonstrated. ‘#




ILAC Policy ... Testing

e |In ISO/IEC 17025:2005 the further

requirement for traceability for testing
laboratories Is:

5.6.2.2.2 Where traceability of measurements
to Sl units Is not possible and/or not relevant,
the same requirements for traceability to, for
example, certified reference materials, agreed
methods and/or consensus standards, are
required as for calibration laboratories (see

5.6.2.1.2). &




ILAC Policy ... Testing

ISO/IEC 17025:2005 5.6.3.2 Reference materials:

» Reference materials shall, where possible, be traceable to SI
units of measurement, or to certified reference materials.
Internal reference materials shall be checked as far as is

technically and economically practicable.

o At present, the ILAC Arrangement does not cover the accreditation of
reference material producers (RMPs). At the regional level, APLAC & IAAC
operate MRAs for RMPs and a number of countries operate systems for the
accreditation of RMPs, and the number of accredited RMPs is therefore
increasing

ye.
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ILAC Policy ... RMPs

 The ILAC policy In regard to traceability
provided by RMPs Is:

/) The values assigned to reference materials included in
the BIPM KCDB or produced by an accredited RMP
under its accredited scope of accreditation to 1SO
Guide 34:2009, in combination with ISO/IEC
17025:2005, are considered to have established valid

traceability (see ILAC General Assembly resolution
ILAC 8.12).

ye.
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ILAC Policy ... RMPs

8)The values assigned to reference materials covered by
entries in the JCTLM database are considered to have
established valid traceability.

9)The majority of reference materials are produced by
nonaccredited RMPs. These can be considered as
critical consumables and the laboratory shall
demonstrate that each reference material is suitable

for intended use as required by clause 4.6.2 In

ISO/IEC 17025:2005 or 1SO 15189:2007.




Annex A

e Section 2 does not imply any hierarchy In the
“guality” of traceability between options 1), 2),
and 3a) and 3b). Each provides an acceptable
route to establishing the traceability required
by ISO/IEC 17025.

 However, when setting their traceability
policy, accreditation bodies should encourage
laboratories to make best use of these (note:
Internationaly recognized) services whenever

they are available. Ei’
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Annex A

* \When traceability Is established through either
3a) or 3b) of the policy ( ex: NMls calibrating
outside CIPM MRA, labs calibrating outside
scope, labs not accredited at all):

1. The accreditation body that must address this
situation in its policy for traceability

2. The laboratories will then need to comply with
this policy

3. Peer evaluators will assess the effectiveness of

this policy during peer reviews in the regions [

@
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Annex A

e Appropriate evidence for claimed metrological traceability
may include but not be restricted to:

— Records of calibration method validation (5.4.5)

— Procedures for estimation of uncertainty calculations (5.4.6)

— Documentation for traceability of measurements (5.6)

— Documentation for assuring the quality of calibration results (5.9)

— Documentation for competence of staff (5.2)

— Documentation for accommodation and environmental conditions (5.3)
— Audits to the calibration laboratory (4.6.4 and 4.14)

ye.
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ISO/IEC 17025 & ILAC P14

ISO/IEC 17025:2005 (clause 5.10.4.1 b) and ILAC-
P14:12/2010 (section 6.1) establish three options which apply
to calibration organizations when reporting the results of
calibrations performed. These options are as follows:

a) Report the measurement result and its associated uncertainty of
measurement.

b) Report the measurement result and a statement of compliance with
an identified metrological specification or clauses thereof.

c) Report the measurement result, its associated uncertainty of
measurement and a statement of compliance with an identified metrological

specification

If used for calibration — only a) and c) can be given.

If used for testing — b) can be applied, a) and c) encourageti |

PJLA




General Requirements for RMs - APLAC TCO012

Onus on the laboratories :
* Full records of identity, lot number, and source of each RMP

o Documentation of certified values includes: mode of
establishing metrological traceability of assigned values,
Instructions on storage and use, homogeneity and stability, and
expiration dates

o Matrix of reference materials should match application or
effects accounted for

« Uncertainties of assigned values and verification of RMs
appropriate for the test methods and contributions, if
significant, included in estimation of the total measurement
uncertainties.

ye.
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General Requirements for RMs - APLAC TC012

Onus on the laboratories (cont’d):

o |f standard test method specifies a particular
RM for calibration, the lab using it has deemed
to meet the ISO/IEC 17025 requirements

* Reports should state the method used

« Also If a regulation specifies a particular RM
the laboratory has met the traceability
requirement by using it

e



RMs from NMIs or DIs - APLAC TCO012

 CRMs from an appropriate National Metrology Institute
(NMI) or Designated Institute (DlI) are acceptable the the
certificates include means of establishing traceability to SI or
a reference and the uncertainties of the certified values

o |LAC “appropriate” means participation in BIPM ILCs or, for
chemicals, CIPM Consultative Committee for Amount of
Substance (CCQM)

« Laboratories using CRMs from NMIs and Dls should check
the certificates carefully

» Give the large number of chemicals, concentration, and
matrices ... other producers many have to be used ....

ye.
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Accredited Providers of RMs - APLAC TCO012

 ILAC resolution 2005 — accreditation of RMPs to
ISO Guide 34 with ISO/IEC 17025 to be included
under ILAC MRA

— ILAC working on it
— APLAC — MRA for RMP in established 2007 —
assess to 1SO Guide 34 and ISO/IEC 17025

 RMPs accredited by APLAC MRA signatories are
considered competent, use of their CRMs is
considered to meet traceability requirements.
Laboratories using these CRMs not required to verify

competence or the CRMSs produced :

PJLA




Accredited Providers of RMs - APLAC TCO012

e When CRMs are available from NMiIs or Dls
AND accredited RMPs .. Laboratories may

chose the most appropriate source that meets
thelr need.

 Factors include: matching matrices, analyte
concentrations, measurement uncertainties of
assigned values, costs, and the need to have
certain results traceable to a particular NMI or
DI ...

ye.
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Producers other than NMIs, Dls, or
Accredited RMPs- APLAC TC012

* For these producers RMs and CRMs
laboratories need to verify:

— Assigned values are reliable

— Materials are sufficiently homogeneous and stable
for use

» Extent of verification depends on producers
Information, the nature of the RM/CRM and

certified properties.

PJLA




Producers other than NMIs, Dls, or
Accredited RMPs- APLAC TC012

Laboratories should use two independent sources of
RMs when available.

As far as practicable verify the materials values agree
within specified limits that are suitable for the

application
If another source Is not available use a second lot
from same source (less preferred)

If these are not possible, consider using methods
pased on physical/chemical properties — melting
point, boiling point, IR etc to confirm identity and
ourity

ye.
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Commercial Chemicals and Standard
Solutions - APLAC TCO012

 Laboratories use commercial chemicals to prepare
“standard solutions”. Some purchase these
commercially. These are often not certified and
traceability is not provided by suppliers

* |f these have a significant effect on the uncertainty —
laboratories should have a defined system and
procedure for verifying the standard solutions or
calibration mixtures whether produced in-house or

purchased.

PJLA




Traceability & Testing

 PJLA Policy PL-2

 While written with an emphasis on calibration
activities ... Reinforces impact on testing
organizations as described in ISO 17025

— Testing organizations must demonstrate
traceability to the Sl through an unbroken chain
supported by objective evidence.

— If traceability to SI not applicable — traceability to

applicable & accepted reference

standards/materials produced by a competent




Traceability & Testing

— Must have documented procedures for verification,
transportation and storage of reference
standards/materials

— If organization chooses to reference traceability on
reports etc. it must note how it is traceable to the
S| or the standards/materials.

— Example: “The test results published in this report
were obtained using equipment capable of
producing results that are traceable to NIST and
through NIST to the International System of Units

(SI)”” - or equivalent/same intent (#

PJLA




Traceability & Testing

* PJLA requires external calibration sources to
be accredited or deemed competent by an NMI
that is a CIPM signatory (ex. a NIS
Certificate of Traceability issued to State Labs)

* PJLA recognizes the accreditation of other
ILAC/APLAC MRA signatories — lab to have

current certificates and scopes on file

« Use of non-accredited providers — requires

extra work ...




Traceability & Testing

* Non-accredited, external calibration providers
approved on a case by case basis — PJLA
Assessors and HQ

 Laboratory/organization solely responsible for
verifying the traceability of the provider or the
calibrations provided

o Copies of all documents provided by
laboratory to PJLA along with a completed

LF-123 Form — available from PJLA HQ (#




Traceability & Testing

e All documents and records to be available to
PJLA assessors and/or staff

o PJLA reserves right to reject a claim

o |If traceability can not be established/supported

— Initiate removal of affected tests etc. from
the scope

 Laboratories/organizations should reference
NIST or other NMI web sites for information

required to established traceability (#

PJLA




So Far: Questions? ...
Discussion?... Comments?
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Let’s Review some Certificates

 \What follows are some calibration and CRM
certificates and supporting information
regarding the organization as a
vendor/supplier.

e Based on the information on the previous
slides, will they be appropriate and fit for use
for the evident purpose and would they be
adequate to meet the requirements for
traceability? :#




2, Naulional Inslilule of Standurds & Terhnology
W/ oo . |
- Uerliltrale of Analysis |

Standard Reference Material 1766

Low Alloy Steel
(In Cooperation with the American Society for Testing and Materials)

This Standard Reference Material (SRM) is in the form of a disk, approximately 34 mm (1 3/8 m) in d]a.me(er and

19 mm (3/4 in) thick, and is intended for use in optical emission and X-ray sp ric of
Certified Value! Estimated?
Element . % by Wt Uncertainty {
Carbon 0.015 0.001
Manganese 0.067 0.002
Phosphorus 0.002 0.001
Sulfur 0.0024 0.0002
Silicon 0.010 0.005
Copper 0.015 0.001
Nickel 0.021 0.002
Chromium 0.024 0.001
Vanadium 0.009 0.001
Molybdenum 0.0035 0.0005
Titanium 0.0005 0.0002
Caobalt 0.0020 0.0005
Tin 0.0010 0.0005
Aluminum 0.012 0.002
Niobium 0.005 0.001
Arsenic 0.0035 0.0005
Lead 0.003 0.001
Antimony 0.0005 0.0002
Silver 0.0005 0.0001 {
Boron 0.00012 0.00006 i
Nitrogen 0.0033 0.0003

'The certified value listed for a conmtuem is the present best estimate of the "true” value based on the results of
the P ive prog for certi

2'I'tle asnmaned uncertamly listed for a constituent rep an ion of the bined effects of method
ic errors among methods, and material variability and is based on judgment. No
allem‘pt is made to derive exact statistical measures of imprecision because several methods were used in the

determination of most

The overall dination of the technical leading to certification was performed under the direction

of LI Shultz, Research Associate, ASTM/NIST Research Associate Program.,

The technical and support aspr.cts mvolved in the preparation, certification, and i of this Standard R i
Material were di gh the Standard Ref Materials Program by P.A. Lundberg.

Gaithersburg, MD 20899 William P. Reed, Chief

February 26, 1993 Standard Refe Materials Program

(Revision of certificate dated 6-5-89)
(over)
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Standard Reference Material 1452

Thermal Resistance

Fibrous Glass Blanket for High Precision Measurements

This Standard Reference Material (SR M) is intended for use in the evaluation of a guarded hot plate (GHP) or the cali-
bration of a heat flow meter (HFM). Both of these apj uses are used 1o the thermal resi: of insulating
materials. Each unit of SRM [452 is an individually char ized speci from the same lot of material as
SRM 1451 [4]. SRM 1452 consists of fibrous glass made into a low-density blanket bonded with phenolic resin. Itis
supplied as a fibrous glass batt of nominal dimensions 60 x 60 x 2.54 cm. The material was produced for NBS by
Manville Corporation. The bulk density of the lot of material ranges from 10 to 16 kg/m" (0.6 to 1.0 /i),

The certified value of the material resi Re, of speci 84557 at297.1 K and at a thickness of 2.540 em
s0.6261  m®K/W. The corresponding value of apparcat thermal conductivity is 0. 04057 wm K",
The certified value was established with an esti 1 uncertainty of £1.4 percent for a 95 percent confidence level. The

statistical bases for the estimated uncertainty and the experimental details are described in reference [1]. The specimen
was measured on a HFM apparatus with a guard size of 61,0 x 61.0 cm square, and a metered-areasizeof 25.4 x 25 4em,
according to ASTM Test Method C-518 [2]. This HFM apparatus was calibrated with the NBS one-meter GHP
apparatus [1], according to ASTM Test Method C-177 [3]. The estimated uncertainty is applicable for an apparatus
with a metered area of 25.4 x 25.4 cm square. The estimated uncertainty is greater for other metered areas [1]. For

ple, if a user apparatus has a metered area that is one-half or twice this assumed metered area, the estimated
uncertainty is 1.8 percent for a 95 percent confidence level. The estimated uncertainty for an apparatus witha 0.2 x
10.2 cm metered area is 2.1 percent for a 95 percent confidence level.

The overall direction and coordination of the certification of this SRM and technical measurements were performed by
B.G. Rennex; assistance in certification measurements was given by T. Somers both of the Building Physics Division;
and technical advice and collaboration was provided by J. Hust of the Chemical Engi ing Science Divisi

The technical support aspects in the preparation, certification, and issuance of this SRM were coordinated through the
Office of Standard Reference Matenials by R.K. Kirby and R.L. McKenzie.

April 14, 1986 Stanley D. Rasberry, Chief
Gaithersburg, MD 20899 Office of Standard Reference Materials
(Over)




STROEMNER

Henry Troemner LLC

Aomesies by e
Nacral Yonrtay Lo sy
Krredtston Progras b e
st scope o rwstaon

Calibration Certificate ST

201 Woll Drive * P.O. Box 87 * Thorofare, NJ 08086-0087 * Phone: 856-686-1600 * Fax: 856-686-1601 * www.troemner.com *e-mail: rosmner@iroemner.com
Page 1 of 7 Pages
Weight

Certificate Number 698370-1
SECTION 1: NAME AND ADDRESS OF CUSTOMER Date of Calibration 08-JAN-2013

SECTION 2: APPROVED SIGNATORY
ALY [PV
Joseph Moran, Metrology Manager
SECTION 3: PERSON PERFORMING WORK
Annemarie Love
SECTION 4: CERTIFICATE INFORMATION

Description of Masses: Test Weight

Accuracy Class : NIST 105-1 Class F Date Received : 20-DEC-2012
Order Number : 13414 Date of Calibration : 08-JAN-2013
Construction : Two Piece Date of Issue : 09-JAN-2013
Material : Stainless Steel Weight Range . 100g

SECTION 5: ENVIRONMENTAL CONDITIONS DURING TEST
Temperature: 21.22°C Pressure: 767.97 mm Hg Relative Humidity: 46%
SECTION 6: PERTINENT INFORMATION

The Weights listed on this calibration report have been compared to reference mass standards that are
directly traceable to the National Institute of Standards and Technology under Test No. 822-275872-11

Reference standards and balances used to perform the calibration are listed in Section 10.

The weights calibrated for this report have been calibrated in accordance with Troemner's
calibration process. The calibration performed meets Level | criteria as described in the
NIST/NVLAP Technical Guide 150-2.

This calibration also meets specifications as outlined in ISO 9001, ISO/IEC 17025,
ANSI/NCSL Z540-1-1994, NRC Document 10CFR50 Appendix B, and applicable documents.

This certificate of calibration shall not be reproduced except in full. without the written approval of Troemner, LLC. This certificate of
calibration must not be used by the customer to claim product endorsement by NIST, NVLAP or any agency of the U.S. government

PJLA



oo METTLER TOLEDO

Service Business Unit Laboratory

O oy 1SO 17025 Accrecited
Columbus, OH 43240
1-800-METTLER ANSUNCSL 2540-1 Accredited

% CALIBRATION CERT #1788.001

Balance Calibration Certificate

Customer
Company.
Address.
City State/Province INinois
ZipPostal
Device
Manufacturer: Mettler Toledo Serial No B106109848
Mode! XP6 Asset No. N/A,
Max Capacily: 619 Readabilty 0.000001 g
Dept Room. BALANCE ROOM
Termunal Type. PAT Senal No. Terminal B106109848
Procedure Statement The device referenced in this document has been melrologically lested in accordance
with METTLER TOLEDO Work Instruction AVW1T04L. All iransiations into other languages
are based on the referenced work instruction, which is in English.
This certificate refers to. As Found and As Left
Test Date 5-Aug-2015 Next Cal Due Date. 20-Feb-2018
Service Technician Joe Krieb Signature ELECTRONIC SIGNATURE

This certificale is issued in accordance with the conditions of accreditation granted by A2LA. which is based on
ISONEC 17025. AZLA has d the t of the atory and its U 10 recognized
national standards

This certificale may nol be pastially reproduced, excepl with the prior wrilten permission of the issuing laboratory
and AZLA

Form No.: AF1717L Page 10f4
Software Version: 4615 12105
This is an original document, an electronic copy is retained by METTLER TOLEDO

PJLA



Mitutoyo Certificate of Calibration D\

//MITUTOYO CANADA INC.

/ 2121 Meadowvale Bivd. CALIBRATION
Mississauga, Ontaio LSN SN LABORATORY
Tel (905) 821-1261 Fax (905) 8214968 CANADA

/ Property of: Certificate Number: 10133363

Date of Calibration: October 13, 2015

Name of Product: DIGITAL CALIPER, 6 INCH Date of Issue: October 13, 2015

Model Number: 500-752-10 Technician: WIB

Serial Number: 11563478 Temperature: 20°C + 0.1°C

Range: 0-6in Humidity: 45 -50% RH
Manufacturer: MITUTOYO Environment: CLAS Type 1 Laboratory
Measurement Method: Comparison Procedure: CLTM-1

We hereby certify that the calibration results are the data shown in the attached sheet.

The calibration Laboratory Assessment Service (CLAS) of the National Research Council of Canada (NRC) has assessed and certified specific calibration capabilities of this
laboratory and their traceability to recognize national measurement standards and to the International System of Units (SI). This certificate of calibration is issued in accordance
with the conditions of certification granted by CLAS and the conditions of accreditation granted by the Standards Council of Canada (SCC). Neither the CLAS nor the SCC
guarantees the accuracy of individual calibrations by accredited laboratories.

Measurement Uncertainties:

e —
P ]
[ep—

+ (290 + 1.6L) pin, L in inch

i

s e aa
P et T
Fn B o . e

Uncertainties specified in this report are expanded uncertainties representing a confidence level of approximately 95% obtained by multiplying the combined standard uncertainty
by a coverage factor of k=2. For more detailed information refer to GUM (Guide to Expression of Uncertainty in Measurement, 2009 Edition).

oot ty: 77 o f

Bill Baleka, Senior Calibration Technician

The issuing laboratory owns copyright of this certificate. The certificate may not be reproduced other than i full except with the prior written consent of the issuing laboratory

Page ! of 2 ’




_.Mitutoyo

SMITUTOYO CANADA INC,
/ 2121 Meadowvale Bivd
/' Mississauga. Ontario LSN 5N1

Tol (905) 821-1261 Fax (905) 8214968

CALIBRATION CERTIFICATE

| asFounp | | asierr | x|
BJ151020-2L
Contact: Eli Skaff
Phone: (519) 737-6330
Serial #
540103
Certificate # Gage Blocks Nominal Actual (mm)
Calibration ID# Downward
140682 10062515 1mm 1.00002 mm 1.0000 mm
140225 10062515 2mm 2.00001 mm ~ 20011 mm
130748 10062515 4mm 4.00004 mm 3.9989 mm
150525 10062515 10mm 10.00004 mm 10.0013 mm
143502 10062515 20mm 2000006 mm | 19.9998 mm
[ 150578 10062515 40mm 40.00003mm | 39.9989 mm
Actual Pitch
Pitch Gage ID# Certificate # Pitch (mm) X Axis (mm)
MIT-05788 478326 1.0000 mm 1.0001 mm
—
Pin Gage  ID# Certificate # Diameter (mm) Actual Diamet (mm)_f
12ZAAMO098 FS10014096 4.0002 mm 3.9994 mm
Force Gage | Certificate # Nominal | Actual Force |
Force (gf) (&N
900278 478213 3gf 3gf

Temperature at time of calibration: 25 °C /
Date: October 20, 2015

=
d by | LD.L. el
Bernie Jirne_ﬂéz__ - =
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4215 Stafford Ave SW

Y GHAND HAPIDS Grand Rapids, M| 49548-3095

Tel: 616-538-7080
) metrology gmetrology.com Fax: 616-538-7138

P

Certificate of Calibration

Certificate No. 37989

Event Type: FIELD CALIBRATION
Technician: BRET GLASS

As Found Condition: PASS

As Left Condition: PASS

Informat | Calibration Date: 9/9/2015

ID Number: 6 Next Due: 9/9/2016

Type: SCALE Temperature: 76 °F
Manufacturer: METTLER TOLEDO Humidity: 53 %
Model: AE-100 Procedure: CMO006
Serial Number: P31360 Meas. Uncertainty: 1.7 DIV.
Department: LAB

Capacity: 100 G

Graduation: 0.0001 G

LINEARITY (SPAN) -0.0001

LINEARITY (SPAN) 25.0000 24.9937 25.0003 25.0000 25.0000 G
LINEARITY (SPAN) 50.0000 49.9937 50.0003 50.0000 50.0000 G
LINEARITY (SPAN) 75.0000 74.9997 75.0003 75.0000 75.0000 G
LINEARITY (SPAN) 100.0000 99.9997  100.0003 100.0000 100.0000 G
LINEARITY (SPAN) 0.0000 -0.0001 0.0001 0.0000 0.0000 G
SHIFT (POSITION 1) 30.0000 0.0000 0.0000 30.0000 30.0000 G
SHIFT (POSITION 2) 30.0000 0.0000 0.0000 30.0000 30.0000 G
SHIFT (POSITION 3) 30.0000 0.0000 0.0000 30.0000 30.0000 G
SHIFT (POSITION 4) 30.0000 0.0000 0.0000 30.0000 30.0000 G
TOTAL SHIFT ERROR 0.0000 -0.0003 0.0003 0.0000 0.0000 G

“A" - Adjusted and returned in tolerance
"F" - Indicates out of tolerance result

i LD N er C - ol
WEIGHTS GRMOO03 3/19/2015  3/19/2017 150319-024

I ,m required. prior to testing.

This unit has been tested with standards which are traceable to the National Institute of Standards and Technology [NIST). The
results reported are at the time of testing for the unit listed above. Calibration can be impacted by many environmental factors
outside the control of this provider and therefore are not warranted beyond the date of calibration. Calibration was performed
in accordance with Grand Rapids [ G Bin E with ANSI/NCSL Z540 and IS0 17025. This
document shall not be reproduced, except in full, without the written approval of Grand Rapids Metrology. The combined
standard uncertainty is reported with a coverage factor of k=2, for a 5% confidence level.

Dave Warner
Quality Manager %
Grand Rapids Metrology 9/9/2015

Approved By Signature Date

Page 10f1

PJLA



ACCU CHEK _

Certificate of Calibration |- = | Certificate Nbr: 533253

Pege 1 of 2

Dascription: FREEZER Data Received. ON-SITE CALIBRATION
Manufacturer:  LABREPCO Gage Conditon: ~ GOOD

Modal LABL-5-CT40 Type of Calibration: NORMAL

Range. 0TO40°C Temp { Humidity. 22°C 1 45% RH
Accuracy: 15°C Calbration Interval: 12 MONTHS

Gage ID PWE-0158 Cal Procedure ACWP2ZT078

Serial Number: 1314158 Reference Sid: OEM

Cal Date: 07-Oct-16 As Found: PASS

Cal Due: 31-0ct18 As Left PASS

Hominal Reading = Calibration Standard

Appliod Temperaturs

-20.00°C — -20.0 -19.9 bl -19.9 v -250 -150 C 054°C

0wT - 30.0 300 |v] 0 | -as0 25.0 c 0s4°C :
IR 200 a5e || 288 |/] 450 350 C 054'C

Status: ' InTolersnce X Out of Tolerance D Adjusted

NendorID 1 City State
V-ACCO9 | CALIBRATED ONSITE ] |
wwiw.nclquailly com . 1015 Oid Forest Rd NW . Carydon, IN 47112 . Ph: (812) 7341234 = Fau: (812) 734-0948

PJLA



ACCU CHEK

Certificate of Calibration | - — 1 Certificate Nbr: 533253
Fage 2of 2
__chfww.sim Whwrk Orclor Nor: 85928 Printed 10232015 236:12 PM

¥ requostod, this calbraticn Is accredited under the kboratony's complisnce with [SONEC 17028 "Geraral requirsments for the compelence of lesing and calibratan
laboratores” Bnd 8ddilional ecrediation body requirements istued by ANSIASQ Nationsl Accrediation BosrdACLASS (reference ACLASS documant 3) a4 ondorsed by
e ACLASS Symibol on Bhis cerificate ko cur Cortficete number ACT-1317. ACLASS s a fll signaery to The barabory [LAC)
arEngement. which greatly eshances ihe scceptance of cur calibration data across he LSA and ofver netions of o Signatory counines.

AT stardards a'® Uracsatie via calbeation abaratonss pecrodited by signatories i the Interatonsl Laborsary Acoreditation Cooper
Amangamant (MRA) and by Natonal Mstrology Insttutes (Nikis) « such as the Nasons! Inssoute of Standards and Technology (NIST) - under
of Weights and Miasuras (CIPM) WAA

aton {ILAC) Mutal Recogntion
aenationsl Commites

Catration and M by (CNIC) Is arvaillabie 4 U under non putdsned and describad in our scope of acoreditasion (ACT-1317) Our
accredmton alno extords nms INCSL T540-1-1584 Cattraticn Laberateries and Measuring and Tea! Equipmant - Genersl Requirsenonts as defined in our scopé of
accredrimtion. Accreditaton by an ILAG signatory sccreditstion body assurss the Tracaabisy is an Lnbroken chain of comparinars going back o a standard Srough scoredited
lsboratores or & natonal of intematonal sardard bodes (e g T, NPL, eic ) and utiizasion of o documended sccepted procodure as referrcod by Actu-Chek, Inc.

o BEEiEE o this oy ane ot e of custcmar parts [n mdcition, Messurement Uncarinty (MU for ISOVEG 17028 ls stated 58 e
stangard unsertsinty of messurEmont multpled by the age K{2) such st # gt probabdty g 1o approximately BEW. For ANSINCEL 2540-1
conuistent with clause 10.3(5) we ensuro that the calbraticn uncenainties are auticierty small 5o thal ihe adequacy of the measuroment is rot alecied by colective
uacertaingy of the messuternant standards by not exceeding 25% of t acceptabie tolorince (8.9, marufacturers specification] for each chamcleristic of the measaring
and test equipment being calibrated exprossed as a Test Accurscy Ratio (TAR) of 4:1. A TAR of 4.1 means that the lole/ance being ts3ind i5 equal 1 of greats! Tan four
lirsés Té combinaton of the urceriainties of B The messurement sisnadards employed in the les

Per e spacif. request & mswed without considering uncertainky In deteerining cempbance i speciication shall contaln the rae nd 1

WU The cusiomen Bssiamas partial risk of determining compiance.

“Tha statement of eompliancs In this cenficate was lnsued without taking the uncera/nty of measurement into consideration
The cusiconer shall assess e resuhts and uncenainty when determining If tha results mes ther noeds.”

Contributions 1o e 2y stated on ncita thet can be abiributed o he customer's device. (0.9, larger resolution valuos
man Be more preciss Accu-Chek, Inc. stancards]. The stalement of conformance o speciication lor the UUT s based on Accu-Chok, Inc.'s best estimate of the massunnd
being squal 1o of less than the specifiod accaracy of e UUT 1f the measured veiue falls cutside the saated speclication. the ULT will be ssumed & be oul-of-tlerance.

Calibration due catet 8% determined by the chent and do not imply " Mance o
Aa neicated by tha Joint LAFILAC-IED Corwmus management Iysiem requirements i ISCAES 17025:2005 (S 4] @re writion in language relevad o
laboratory cosrationt and mest the principles of 150 $001 2004 Owality Management Systems - Regurements and are alig a perti ",

In addiian, the calibration and taxting requiraments of the following stsadards or regulstions a'e representative of thoae that may ba met whea requesied by the Customarn
1506001-2008, ASF100 Rec C seclion 1, ASS100 Rev, C Clause 7, 8, ASH100 Rev, G secion 2, Clause 4,11, MIL-STO-455624. IS0/TS 1084¢ Rev 2 Clause 7. 8, 21CFREQ0,
T2 and 21CFRSS, 53 FOA Ouafty System. the US Nucisar Regolatory Commizsion requested 10CFR Fart 80 Appandi B and 10 CFR Part 21 Qualty Frogram, el

This cartificats shall not be raprodited sxcept in fall, witheut wiitten aparovel from Accu-Chek, inc. This is &9 sccredead cerificsts whon accompanied with the ACLASS Logo.

/i

Perormad By Techacan

~ End of Report —

wwwaciqualty.com  + 10150l Forsst RANW  +  Conydon, IN4T112 = Pho(BIZ)7T34-1234  +  Fax (812) 7340840
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INNOCAL®

L

NIST Traceable 766257
IEROYATIWE CALISRATION SO4UTHONS . .
ey Calibration Report Refercace Number: 660299
Vernon Hills, llincis 60061 PO Number: 19511
PH: BB6-466-6225
Fax B47-327-2093
www_innocalsohutions . com

Manufacturer:  Isotech North America Calibration Date: 06/17/2015
Model Number: 935-14-116 Calibration Due Date:  06/17/2016
Descripti ire, Platinum Probe Condition As Found:  In Tolerance
Asset Number: CP 132?92 Condition As Left: In Tolerance, No adjustment

Serial Number: 33185-1
Pl DS Universal Temp

NIST- ble calibration perfe d on the unit d above in accordance with hlished specifications and the i
M!mwmm ﬁnp:ﬂnwuedlhieduawmmmmoﬂﬂw!munmul’x:le'l'ﬁ?.’vﬂum:
readout. Measurements and dala below reflect performance of the total system; performasce of individual cannot be g No

adjustments were made (o the unil.

Standards Uhllzed

CP108957 Hart Sclentific 5688 Temperature, Probe, SPRT 10/04/2013 | 062002015
CP32034 | Hant Sciontiic B Tomparature, PHT- Sensor ) 042872014 | OW30/2015
CP32040 | Hant Sclentific 5606 | Tomporature, Probo, SPRT | 012772014 | osi1i2016
CP50219 | Hant Sclentific 1500 Temperaturo, Super Thermometer | 06727/2013 | 07/31/2015

: | | JEMU 0.0088 “CITUR 4.1:1]
0010°C 0002 | Same -0.050 10 0.030 °C
| [EMU 0.0088 “CITUR 4.1:1]
231228 °C 21915 Same 231,888 10 231.968 °C |
] I [EMU 0.015 *CITUR 2.7:1]
410487 b 419.567 °C

= s C | 41950 Sara |

[EMU 0.018 “CITUR 2.21)

Temperature: 22°C

Humidity: 48% RH
Rpt. No.: 766257

bmow D} T

This report may nol be reproduced, excepl in hul, without wrilten permission of innocal, mrusmmmammmpmmawmmmw«
calbraled Measuraments reporied herein are fraceabls lo S1 units via national standards maintained by NIST and were performed in compliance with

MIL-STD-45662A, ANSYNCSL Z540-1-1694, 10CFRS0, Appendix B, IS0 9002-84, and IS0 17025:2005. Guard Bandling, if reporfed on this certificate, is
appiiod al a Z-factor of 30% for lesi points with a lest uncertainly ratio (TUR) below 4:1. The ty (EMLUI), If reported on

Ihis ceviificaie, is being reported at a confidence lovel of 85% or K=2 urdess othorwise nofed in the remarks section.

oals™>

unmu

Gogisense.  OARION

HETRUMBEMNTS

/7 Cole-Parmer
Dupring ot You fagl_

Pagn fof 1
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Accredited Laboratory

AZLA has accredited

INNOCAL

Vernon Hills, IL

for technical competence in the field of

Calibration

This laboratory is accredited in accordance with the recognized International Standard ISO/IEC 17025:2005 General
requirements for the competence of testing and calibration laboratories. This laboratory also meets the requirements of
ANSI/NCSLI 2540-1-1994 and any additional program requirements in the field of calibration. This accreditation demonstrates
technical competence for a defined scope and the operation of a laboratory quality management system
(refer to joint ISO-ILAC-IAF Communiqué dated 8 January 2009).

Presented this 29'd day of September 2015.

[ Mg

President & CEO ﬂ

For the Accreditation Council
Certificate Number 1746.01
Valid to October 31, 2017

For the cdlibrations fo which this accreditafion applies. please refer to the laboratory's Calibration Scope of Accreditation.

PJLA



L] Manufactured ty SCP SCIENCE
21800 Clark Graham, Base ILins.
s, Canacia HIX 468
Tet 1-514-457-0701 / 14B00) 618800

Oil Analysis Standards

Certificate of Analysis

1.0 DESCRIPTION: CONOSTAN Multi-Element Standard AM Special: 500 ppm
Catalogue Number:  150-250-023 / 150-250-010

Lot Number: 150504-14
Matrix: Base Oil 75 cSt
Expiration Date: 12 from date of ship (see bottle for date of shipment)

2.0 CERTIFIED VALUES AND ASSOCIATED UNCERTAINTY:
Certified Concenrations, ppm (ug/g):
Ba 500+1 Ca 5003 Mg 500+ 2 P 5002

Zn 500%1

Method of anzlysis and This standard was prepared by weight measurements originating from assayed slement
traceability: spectroscopy.
Elemen. concentrations for this standard are based on the Concentrale assay® values and were

3.0 REFERENCE VALUES:
None

4.0 APPROVAL AND DATE OF CERTIFICATION:
Certification Date: May 05, 2015

Certification Approval: 2( l

Alketa Mixha
c P




Accredited Reference Material Producer

AZLA has accredited

SCP SCIENCE

Baie d'Urfe, Quebec, Canada

This accreditation covers the specific materials listed on the agreed upon Scope of Accreditation.
This producer meets the requirements of ISO Guide 34:2009 General Requirements for the
Competence of Reference Material Producers. This accreditation demonstrates technical competence
for a defined scope and the operation of a quality management system.

Presented this 17t day of December 2015.

Lt Mg

President & CEO ﬂ

For the Accreditation Council
Certfificate Number 2885.02
Valid to November 30, 2017

b vy 44 p

For reference materials to which this accredifation applies, please refer to the reference matenal producer's Scope of Accreditation.

PJLA



Anciial Tacimical el O

Certificate of Calibration

Certificate #1837965
Instrument Information:
Manufacturer: Vasala As Found Condition : In Tolerance
Maodel Number: HMODTOY ction Taken / As Lef:  In Tolerance - No Adjustment
IDescription: Hygrometer | Thermometer, Temperature: 75°F
Assel Number: ROOM CONTROL 88 Humi 45% RH
Serial Sumber: ROOM BB Calibration Date: 15-Dec-2015
Calibration Due Date: 15.-Dac-2016
Calibration Interval: 12 Months

. Procedure: ATS-1021 Rev 3-Calibration of Temperature & Humidity Meters
This instrument has been calibrated using prmary or secondany standards whose calibvation s traceable to the Intermational System of Units (S1) through
the Navwonal Institute of Standards and Technology (NIST) or applicable ASTM specification number for hardness testing equipment.  Some  measurements
arc traccable 10 natural, physical constants, consensus standards, of ralio fype Measurements.

The reported expandod mcasurement uncertanty 15 based on a standard uncertaimty multiplied by a coverage factor of k=2, providing a confidence level ol
approximately 95% The cwpanded mecasuremcnl umcertainty s not considered whem determining  in-lolerance
reviewed, if applcable. 10 establsh where amy measurement results excceded the
centificate

of out-of-olerance conditions.  Results are

vated cahbraton tolerance and 10 communic

results by means of this

ANl calibrations arc performed in accordance with the ATS Quality Mamaal QMI, Rev. 12, dated 0301/14
System complies with the applicable requins
170252005

Applicd Technical Services, Inc's Quality
s of ANSINCSL Z540-1, IS0 9001-2008, |0CFRS0 Appendic B, 10CFR Pan 21, and ISOVIEC
The reporied data o valid only i the time of the test and related only to the iem calibrated
certificate and calibraion label are determined by the client and do mot

*Calibration due dates appearing on this
imply contineed comformance to specifications. Thes ceruficate shall not b
reproduced except in full, without writien permission of Applied Techmcal Services, Inc

Technical Bemarks;
Calibrated By:  Filean, Bront £ Field Technician
[ .
Standard LD, Mig. Model No. Serial Cal. Date Due Date
ATS-01848 F ks T41 Cabdrator Process 8561005 04032015 0402018
ATS-4096 Vassala HMA T WPROBE HMP46 Hygrometer | Thermometer, Meter T2180208 NNO2015  0S/H2018
Calibration Data
T T TSI
[FUNCTION TESTED Nomingl Velus L]
rier Room Temp .TSJ.; | 74510 755 °F [EMU 0 42 °F) 749 Same
_‘U!D'F | 104 5 1o 106 § *F [EMU 0 42 °F) 104 9 Same
Center Room Mumdity | 450 %RH 42 51047 5 %RH [EMU 0 52 %RH] 454 Same
I?SU‘:RH 7250 77.5 %RH [EMU 0 8T %RH] | 763 Same
‘Wind Speed 50 FPM PasuFad PASS Same
End Of Report

Applied Trchmical Services
104 Trisd Cowrt
Marietts, G A 30062
Phone T 4251400 www.atslab.com
Isse date: 23-Dec-2015

Page 1of 1

ATS 501, 0918
Basch Number 1597500

PJLA



. T |00 OO RO O
Certificate of Calibration
Certificare #1837992

Instrument Information: Calibration Information/Results

Manufacturer: Yokogawa As Found Condition : In Tolerance
Model Number: PRI0OOD Action Taken / As Lefi:  In Tolerance - No Adjustment
Description: Final Tester, Power Meter Temperature: T5*F
Assel Number: T1K208654 Humidits 45% RH
Serial Sumber: TIK208654 Calibration Date: 16-Dec-2015
Calibration Due Date: 16-Dec-2016
Calibration Interval: 12 Months
Calib. Procedure: ATS-1047 Rev 2:Cahbration of Pancl Meter
Thes instrument has been cahibrated wiing primany o secondary standards whose calibration s traccable 1o the Intemabonal System of Unets (S1) through

the Natwonal Institute of Standards and Technology (NIST) or applicable ASTM specification number for hardness lesting equipment.  Some  measurements
are traceable 10 natural, physical constants, consensus standards. of rao type measirem

The reported expanded measurement uncertainty s based on a standard uncenainty mualtplied by a coverage factor of k=2, providing a confidence level of
approumately  95%  The copanded measuroment uncenainty 5 not comsidered when  determaming  in-tolerance o oul-of-tolerance  condiions.  Results  are
reviewed, of applicable, to establsh where amy memsurement results exceeded the stated calibration tolerance and 10 communicate results by means of the
cernficate

All calibrabons are performed in accordance with the ATS Quabiy Manual QMI. Rev. 12, dated 0301714 Applied Techmical Services, Inc's Quality
System complhes with the applicable requirements of ANSINCSL Z540-1, 150 9001-2008, I0CFRS30 Appendix B, 10CFR Fam 21, and ISOMEC
LB The reporied data s vald only st the time of the test and relasted only to the item calibrated *Calibraton due dates appearing on this
certificate and calibration label are determined by the client and do not imply contmued coaformance to specificabons. This cerificate shall mot bx

reproduced except 10 full, without witken permsson Applicd Techacal Services, Inc

lechnical Bemarks:
ibrated By:  Fodeon, Brond £ Ficld Technician
s vse
Standard LD. Mg Model No. on . Serial CalDaste  DueDate
ATS-04852 Fluke $522APC-1G strator, Mult- 2034901 0062015 0X062016
Calibration Data
L Mominal vaiue
Amp @ 60 Hz [100A 0961 101 AEMU 56 mA] |
Vois [0eov 99.7 10 1003 V [EMU 63 mV] 1000 Same
Watts 100w 9.5 10 100.5 W [EMU 120 m] 100.0 Same
Amg |amA | 39910401 A[EMU 82 mA] 400 Same
Voits 1280w 124.7 1 1253 V [EMU 62 mV] 1251 Same
Ve | so0ow 497.5 10 502 5 W [EMU 520 mWw] 008 Same
Amg |s00A ] 49910 5,01 A[EMU 92 mA] | am Same
Voits | 2000v ] 199.3 10 200.7 V [EMU 68 mv] 2002 Same
Vit 10000 W 995.0 1 10080 W [EMU 1 W) woos | | Same

Applerd Tevhnical Sers e Page 102
1049 Triad Court
Marietts, G A 30041
Phane 770 423 1 400 wuw stslab.oom

ATS S01, 013 Iwue date: 23-Dec-2015 Pasch Number- 1497400

PJLA



American Association for Laboratory Accreditation

Accredited Laboratory

A2LA has accredited

APPLIED TECHNICAL SERVICES, INC.

Marietta, GA

for technical competence in the field of

Calibration

This laboratory is accredited in accordance with the recognized International Standard ISO/IEC 17025:2005 General requirements for
the competence of testing and calibration laboratories. This laboratory also meets the requirements of ANSI/NCSL Z540-1-1994 and any
additional program requirements in the field of calibration. This accreditation demonstrates technical competence for a defined scope and the
operation of a laboratory quality management system (refer to joint ISO-ILAC-IAF Communiqué dated 8 January 2009).

Presented this 30™ day of April 2014.

(M

President & CEO /

For the Accreditation Council
Certificate Number 1888.03
Valid to January 31, 2016

For the calibrations to which this accreditation applies, please refer to the laboratory’s Calibration Scope of Accreditation.

PJLA



BRAMMER STANDARD COMPANY, INC.

Certificate of Analysis
BS 61G

Cenrtified Reference Material for AISI 8620 - UNS Number G86200

Certified Estmate of  Certified Values® Certified Estimate of

Value' Uncertainty? Value' Uncertainty?
Al 0.0223 0.0006 S 0.0271 0.0007
As 0.0043 0.0003 Sb 0.0014 0.0002
C 0.210 0.002 Si  0.215 0.002
Ca 0.0004 0.0001 Sn 0.0082 0.0004
Co 0.0073 0.0003 Ta 0.0020 0.0004
Cr 0.507 0.004 Ti 0.0015 0.0003
Cu 0.142 0.002 Vv 0.0026 0.0002
Mn 0.791 0.005 W 0.0024 0.0003
Mo 0.212 0.002 Zr 0.0008 0.0002

N  0.0067 0.0004
Nb 0.0007 0.0002
Ni  0.454 0.004

O 0.0013 0.0004
P  0.0106 0.0004
Pb 0.0006 0.0001

Informational Values®*
B (0.0002) Fe [97.3] Mg (0.00014)

* By difference

' For each element, the certified value listed is the present best estimate of the true value based on the mean of the weighted results of an
interlaboratory testing program. See page 4 for more information on its calculation.

? For each element, the uncertainty listed is based on a statistical evaluation of the contributions of homageneity and the interlaboratory testing
program. See page 4 for more information on its calculation.

*Walues are given in weight percent.

*Values in parentheses are not certified and are provided for information only.

Trace element information value for Ga is shown on page 4.

The requirements of 1ISO Guides 31, 34, and 35 were followed for the preparation of this Certified Reference Material and
certificate of analysis. This is a Certified Reference Material as defined by ISO Guide 30.

Brammer Standard Company, Inc., 14603 Benfer Road, Houston, TX 77069-2895
Telephone: (281) 440-9396 Fax: (281) 440-4432 Website: www.brammerstandard.com

PJLA



Accredited Reference Material Producer

A2LA has accredited

BRAMMER STANDARD COMPANY, INC.
Houston, TX

This accreditation covers the specific materials listed on the agreed upon Scope of Accreditation.

This producer meets the requirements of ISO Guide 34:2009 General Requirements for the
Competence of Reference Material Producers. This accreditation demonstrates technical competence
for a defined scope and the operation of a quality management system.

Presented this 20'h day of July 2015.

[ Mg

President & CEO (/

For the Accreditation Council
Certificate Number 0656.02
Valid to January 31, 2017

For reference materials to which this accreditafion applies. please refer to the reference material producer's Scope of Accreditation.

PJLA



Distributed by:

" 700 Corparate Circle, Suite A
Golden, Colorado 804015636 USA
Tel: 303.216.2621, Fax: 303.216.2649

Email: sales@armi.com
Ulrich Nell, Feldstr. 23, D - 46149 Oberhausen, Tel. 0208/658535 Fax 0208/658536

Setting-up sample

Approximate composition of R E 12 / 136, high purity iron, Fe base
Sample size approx. 40 mm dia. x 40 mm thickness

Composition:
Description in ppm

CRTDOD criimirsmimvirerssssssrssairasssossss <50 Niobi <10
Silicon <30 Lead <10
Mang: <30 Tin <10
Phosph <10 Titani <10
Sulph <10 Vanadi <10
Chromi <5 Tungs <10
Molybdenum ... <5 Zirconi <20
o [1177 J— Cal <10
Alumini <10 Antimony

1, L T Pemmm———— | Tantalum

Boron <10 Tellurium

Cobalt <10 Bismuth

COPPEL werrrerverisnnsensmssssessssssssssssasssss <5 Nitrog <50

Intended use: routine drift correction for Spark-OES and XRF spectrometers
Supplied and preduced by SUS Ulrich Nell

The sample was produced by casting from melt

Notes:
- This sample should be used only for checking and correcting the drift of spectrometers
- Thec ation values pr d are not certified as accurate, as this setting-up
sample is not a reference material to be used for calibration
- The material has been checked for homogeneity and is suitable for Spark-OES
spectrometers

Oberhausen, September 2011

PJLA



Calibration Certificate for

Proto Manufacturing Limited hereby certifies that this high stress certified reference material (CRM), for use
in residual stress measurements using x-ray diffraction techniques number SIN71813009 was measured to be:

SIN71813009.0

High Stress Certified Reference Material

-961 + 50 MPa

Using the following parameters:

Laborat

Name__Eli Skaff
Date: October 30, 2015
Signature: q’/ o

This CRM should not be cold worked in any way either by purpose or accidental. Measuring using a
smaller or larger aperture, not measuring in the center or indicated direction will invalidate the use
of the certified value of the property and the associated statement of uncertainty.

Warning:

es technical comp

Material: IN718

Manganese anode, A= 2.103 Angstroms

Bragg Angle (20): 151.8°

Crystallographic plane: (311)

X-ray Elastic Constant, 2 S; = 6.33x 10° MPa'I
Aperture: lmm round

Location: Center of standard

Direction of measure is parallel to indicated line
Temperature of standard not to exceed 100°C
Measurement as per ASTM E2860/SAE HS784/EN15305-2008
Test Date: March 17, 2015

Equipment: Lab 003,004,007

tor

Thu laboratory is accredited in accordance with the recognized International Standard ISO/IEC 17025:2005. This accreditation
¢ for a defined scope and the operation of a laboratory quality managements system refer joint 1SO-
JLAC-IAF Communiqué date 18 June 2005

2175 Solar Crescent, Oldcastle, Ontario Canada NOR 1L0
Tel: (519) 737-6330 Tel: (313) 965-2900 Fax: (519) 737-1692

e-mail: proto@protoxrd.com

PJLA



=% ( PERRY JOHNSON LABORATORY
N < ACCREDITATION, INC.

P BN
“irfyy ™

\‘\"|“|"f,:
o ",

Certificate of Accreditation

Perry Johnson Laboratory Accreditation, Inc. has assessed the Laboratory of:

Proto Manufacturing
12350 Universal Drive, Taylor, MI 48180
2175 Solar Crescent, Oldcastle, Ontario NOR 1L0

(Hereinafter called the Organization) and hereby declares that Organization is accredited
in accordance with the recognized International Standard:

ISO/IEC 17025:2005

This accreditation d ates technical comy ¢ for a defined scope and the
operation of a laboratory quality management system
(as outlined by the joint ISO-ILAC-IAF Communiqué dated January 2009):

NDT, Mechanical and Chemical Testing-Residual Stress and

Retained Austenite Measurement by X-Ray Diffraction
(As detailed in the supplement)

Accreditation claims for such testing and/or calibration services shall only be made from addresses referenced within this
certificate. This Accreditation is granted subject to the system rules governing the Accreditation referred to above, and the
Organization hereby covenants with the Accreditation body’s duty to observe and comply with the said rules.

For PILA:

Initial Acereditation Date: Issie Date: Expiration Date:

dﬂ?% October 11, 2011 November 30, 2015 February 26, 2018

Acereditation No.: Certificare No.:

Tracy Szerszen 71619 L15-396-1

President/Operations M

The validity of this certificate is maintained through ongoing 05 based
P Jol Labo on a continuous accreditation cvele. The validity of this certificate should be
Aerrycd?l 1:'.90" I-a {?}Eg} confirmed through the PILA website: www pjlabs cont
cereditation, Inc.,
755 W. Big Beaver, Suite 1325
Troy, Michigan 48084 Page 1 of 2
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Smolder Test




NIST SRM 1196

2 Cartons
(400 cigarettes)
$248
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Standard Reference Material® 1196

Standard Cigarette for Ignition Resistance Testing

This Standard Reference Material (SRM) is intended for use by test laboratories to test mattresses, upholstered
furniture and its components, and thermal insulation for resistance to cigarette ignition in accordance with
16 CFR 1632 [1], 16 CFR 1634 (proposed) [2]. and 16 CFR 1209 [3]. A unit of SRM 1196 consists of two cartons
of cigarettes cach containing 10 packs of 20 cigarettes.

Certified Ignition Strength Value: The certified ignition strength value is given in Table 1. A NIST certified
value is a value for which NIST has the highest confidence in its accuracy. in that all known or suspected sources of
bias have been investigated or taken into account. [4]. The certified value and its uncertainty were obtained by
fiting a Bayesian hierarchical model [5] to the data using a binomial likelihood function and a fat, relatively
non-informative prior distribution for the ignition strength of the cigarette. Tests for cigarette uniformity carried out
by fitting a Bayesian hierarchical model to the data did not show evidence of any significant variation in ignition
strength day-to-day or between cases, cartons, or packs [6].

The expanded uncertainty given in Table 1 is reported at the 95 % probability level. Although the expanded

uncertainty of the certified value was not computed using the methods outlined in the 1SO Guide [7], the results of

the Bayesian analysis can be interpreted in essentially the same way as results from the 150 approach. The

expanded uncertainty, £/, can be expressed as U = ku,, where u, = 1.05 % is the combined standard uncertainty, and

the coverage factor, k = 2, is determined from the Student’s r-distribution corresponding to 60 degrees of freedom.

Alternatively, a Beta (722, 80) pmtcnor distribution for the certified ignition strength also may be used for
bseq Bayesian ¥ it

Table . Certified Ignition Strength Value for SRM 1196
Measurand Test Method Certified Ignition Strength Value

Ignition strength ASTM E2187 [8]™ 90.0% = 2.1%
(on 6.35 mm brass plate
plus 2 layers of filter paper)

' Standard Test Method for Measuring the lgnition Sm,nglh of Cu;,m.llﬂ as modified in NIST Technical Note 1627,
Modification of ASTM E2187 for Measuring the Ignition Prog of C | Cigarettes, June 2009,

Expiration of Certification: The certification of SRM 1196 is valid, within the measurement uncertainty specified,
until 31 August 2020, provided the SRM is handled and stored in accordance with the instructions given in this
certificate (see “Warning and Instructions for Handling, Storage, and Use™). The centification is nullified if the
SRM is damaged, contaminated, or otherwise modified.

Maintenance of SRM Certification:  NIST will monitor this SRM over the period of its certification.  If
substantive technical changes occur that affect the certification before the expiration of this cerificate, NIST will
notify the purchaser. Registration (see attached sheet) will facilitate notification.

The coordination of the technical leading to certification was performed by R.G. Gann of the NIST
Fire Research Division. Ignition strength measurements at NIST were made by A-M. Callsen of the NIST Fire
Resecarch Division.

Anthony P. Hamins, Chief

Fire Research Division

Gaithershurg, MD 20899 Robert L. Watters, Jr., Director
Certificate [ssue Date: 29 November 2012 Office of Reference Materials

Cenificate Revision History on Last Page
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DEPARTYENT OF COMUERCE ;
BUREAU OF STANDARDS
CERTIFICATE OF ANALYSES
s i
STANDARD SAMPIE NO, 107
NICKEL-CHROMIUM~HOLYBDENUM CaST TRON
PR .
| . Carbon (total)........ oinsigiians N U SR TR - .
i
i Carbon (graphitic),........ e e e S susie - La0b
RRREINEAE  « 0ip s oxpomin o-siaiiseisrolosavesatersissiinats S b Sewse - 3206
i Phosphorus.....oeevunun... . T R R s -

Buirnr (Rravimetri0)..iciciccisvsvacsnreconcnnses o080
Sulfur* (evolution with HC1, sp.gr., 1,18)........ .082
27 KT T PRUNPNOR SO seses 2,34
Copper,...

*Sample covered with graphite and annealed
20 minutes at 685° C,

LYMAN J. BRIGGS,
Director

Washington, D, C,
day 10, 1933,
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Questions? ... Discussion?...
Comments?
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