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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria neededfof
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

:2018(E)

The increasing use of 2nd generation high temperature superconductors (2G HTSs) and invention of
resistance-free joining on 2G HTSs have created the need for this document in order to ensure that
joining is carried out in the most effective way and that appropriate control is exercized over all aspects
of the operation. ISO standards for micro-joining and joint evaluation procedure are accordingly

ess

ential to get the best and uniform quality of 2G HTS joint.

A superconductor is a material that conducts electricity without resistance and has diamagnetism below
critical temperature, T, critical magnetic field, B, and critical current density, /.. Once set in motion,
eledtrical current flows forever in a closed loop of superconducting material under diamagngtism.

A2

; HTS consists of multi-layers and its total thickness is around between 60 pum and.200 tm with or

without surrounding copper stabilizer. The superconducting layer made from ReBa;Cu3z04-x (ReBCO,

abbreviated term of ReBazCu307.y) is only between 1 um and 2 um thick depending’on man

facturer’s

spefifications. Re stands for Rare Earth materials, of which gadolinium, yttrium and samariujm are used

for

Pnd generation high temperature superconducting materials. Figure 1 shows schematic drawing of

typlcal multiple layers with surrounded copper stabilizer, and the constituents and thicknegses of each

laygr in the 2G HTS. The two layers of No. 1 in Figure 1 does not exist in stabilizer-free 2G H]

Key

NOTE Not to scale.

90 pum
60 um

20 pm Cu stabilizer 4 5 buffing layers (total 160 nm)
2 um Ag overlayer 5 50 um hastelloy substrate
between 1 pm and 2 pum ReBCOsuper-conducting layer

'S.

Figure 1 — Typical'2G HTS multi-layers, and the constituents and thicknesses of each layer
Curfrently soldefing, brazing or any filler is applied in superconducting industry as shown in Figure 2,
which shows-high electrical resistance at the joint providing fatal flaw in the superconductof.

1
|
L
| R o
a) Lap joint b) Bridge joint
Key
1  superconducting layer
2 solder
Figure 2 — Soldering to join 2G HTS
© ISO 2018 - All rights reserved v
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However, this document focuses on the direct autogenous joining of between 1 pm and 2 pm-
thick superconducting layers of 2G HTSs as shown in Figure 3 without filler metals and recovery of
superconducting properties by oxygenation annealing process, which shows almost no electrical
resistance at the joint.

a) Lap joint b) Bridge joint
Key

1  supercgnducting layer

Fighire 3 — Direct autogenous joining of two superconducting layers of 2G'HTSs for
superconducting joint

vi © ISO 2018 - All rights reserved
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Welding — Micro joining of 2nd generation high
temperature superconductors —

Part 2:
Qualification for welding and testing personnel

oining and

Pir content
pplies. For
[s) applies.

bneral rules

— Part 1:

dresses:

or 2G HTS

1 (Scope

This document specifies the qualification requirements for personnel performing/micro-j
oxygenation anneling, and testing the 2G HTS test joints.

2 |Normative references

The following documents are referred to in the text in such a wdy that some or all of th
conktitutes requirements of this document. For dated referenees;’only the edition cited 3
undated references, the latest edition of the referenced documeént (including any amendmen
[SO|15607:2003, Specification and qualification of welding procedures for metallic materials — G|
[SO|17279-1, Welding — Micro-joining of 2nd generation high temperature superconductors
General requirements for the procedure

3 |Terms and definitions

Forfthe purposes of this document, the tétms and definitions given in ISO 17279-1 apply.
[SO|and [EC maintain terminological-databases for use in standardization at the following adg
— |ISO Online browsing platform: available at https://www.iso.org/obp

— |IEC Electropedia: available at https://www.electropedia.org/

4 |Symbols and,abbreviated terms

The abbreviated terms listed in ISO 15607:2003, Table 1, relevant to joining procedure f
shall apply.

5 lifi

annealing

5.1 General

Manufacturers shall have at their disposal sufficient competent personnel for the 2G HTS micro-
joining operations in accordance with specified requirements. The manufacturer shall be responsible
for developing the training program, written practice, examination, and practical demonstrations
for personnel performing the micro-joining in accordance with this document. These shall establish
the capability of the personnel performing the required micro-joining and oxygenation annealing.
Qualification records and certificates shall be kept up-to-date. The procedures for micro-joining and
oxygenation annealing are presented in ISO 17279-1:2018, 5.4 to 5.6.

© ISO 2018 - All rights reserved
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The essential variables and ranges of qualification and qualification requirements for personnel
qualification are specified in 5.1 to 5.5 and the validity is specified in 5.6. If micro-joining and/
or oxygenation-annealing is required outside the range of qualification, a new qualification test is
required. The personnel who performs micro-joining and oxygenation annealing shall be successfully
qualified for this specific method. The qualification is valid for that method only

5.2 Essential variables and range of qualification

The variables include joint design, joint width, joint materials, apparatuses, and micro-joining and
oxygenation-annealing parameters.

A successf
A change fi

A successf
dimension

1] test joint made in specific joint design qualifies a personnel only for specific joint dés
om one type of joint design to another type of joint design requires additional qualificat

1] joint dimension of any specific material qualifies a personnel for only specific matg
A change from one joint dimension to another dimension requires additional-qualificati

A successfyl testjoint made with specific material qualifies a personnel for only spegific'superconduc
material. A change from one superconducting material to another material requires additignal

ign.
on.

rial
n.

[ing

qualificatign.
The apparfatuses shall be periodically calibrated according to the manufacturer’s specificatfion.
Only apparatuses with valid calibration and qualification shall be applied to the micro-joining and
oxygenatign annealing for personnel qualification. Table 1 shows/essential variables of joint degign,
joint widtHs, superconducting materials and apparatuses. Table 2'shows essential variable parameters
for microg’rining and oxygenation-annealing. These parameteérs’/provide sensitive to the joint qudlity
and deternpine final joint quality. Any changes of essential vafiables qualified require re-qualificatipn.
Table 1|— Essential variables required for qualification of joint, materials and apparatuses
Joing design Joint width (mm) Superconducting Apparatuses for micro-
materials joining and oxygenationi
annealing
Lap gr Bridge 3 mm, 4 mm, 6 mm, YBCO, GdBCO, SmBCO, or | Specific model or type changes,
12 mm, or spegcifica- specifications removal, addition or changd of
tions control systems
Table 2 — Essential variables' required for qualification of micro-joining and oxygenation}
annealing
Micre-joining Oxygenation annealing
Removal of Cu stabilizeirand or Ag overlayer Heating rate
Chamber (flurnace).intérnal vacuum level Annealing temperature
Heating rafe Dwell time
Peak joininjg temperature Oxygen flow rate

Mechanical pressure to the joint

Chamber (furnace) internal pressure

Dwell time

at the peak joining temperature Cooling rate to room temperature

Cooling rate to room temperature or oxygenation an-
nealing temperature

The range of qualification for other variables, except as listed in Table 1 and Table 2, shall be specified
in the manufacturer’s specification.

© ISO 2018 - All rights reserved
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5.3 Qualification methods

5.3.1 Qualification based on standard test joint specimen

Test joint specimens shall be made in accordance with a WPS. The micro-joining and oxygenation
annealing of test specimens shall be witnessed by an inspector or designated personnel. Removal of
Cu stabilizer and or Ag overlayer shall also be the responsibility of the personnel for micro-joining and
oxygenation annealing, since surface condition of superconducting layer impacts joint quality. Three

specimens shall be tested for each joint design.

The—test-sg arked w d serforming mi
and| oxygenation annealing or designated personnel before joining starts. The inspector‘m
midro-joining and/or oxygenation-annealing at any time during the test if it appears that the
for micro-joining and/or oxygenation-annealing does not have the skills to meet thelrequi
thi§ document.

Thd
tesf joint. A personnel performing micro-joining and oxygenation-annealing who has s
conjpleted the provisions of 5.3.2 shall be considered qualified for the"method (pressuri
midro-melting diffusion or pressurized solid-state diffusion), joint désign (lap or bridge), j
superconducting material, and type of micro-joining and oxygenation-annealing apparatus
theltest.

Thd
sha

technical knowledge of micro-joining and oxygenation‘@nhealing and the apparatuses
|1 be examined for personnel qualification, as per Annexes A and B.

5.312 Qualification by testing the test joints

[SO[17279-1:2018, 5.5.4 and Table 1, describecthe test requirements for procedure quali
[SO[17279-1:2018, Table 1, only test methods of visual test, critical current test, I, and {
with reinforcement shall be tested on thetést joints (see ISO 17279-31 for test methods) fo1
quallification. Table 3 shows personnel qualification requirements. Joint critical current, I, is
important in superconductors. In addition, other testing methods described in ISO 172
5.5.4.2 and Table 1, may be performed for the qualification if required by manufacturer.

Talple 3 — Qualification requirements for personnel performing micro-joining and ox
annealing

ro-joining
hy stop the

personnel
rements of

test specimens shown in ISO 17279-1:2018, Figure 4 and Figure 5, shall‘be used for thie standard

liccessfully
ved partial
pint width,
bs used for

to be used

fication. In
ensile test
personnel
extremely
79-1:2018,

ygenation

Type of test Extent of test Confirmation of test

Visual test 3 joined specimens Check that the joint is free from any imp

and alignments, etc.

and de-bonding, etc., and also check apppearances

erfections

Critical currént test, I, by
fourspoint-probes

3 joined specimens

Check that the joint /. is 80 % and higher to the
virgin materials of 2G HTS, or that it. theets the
manufacturer’s specifications

Tensile test with reinforce-
ment

3 joined specimens from
the qualified I joined test
specimen

Ccheck thatjoint tensile strength is equal to the
virgin materials of 2G ReBCO HTS, or that it meets
the manufacturer’s specificatiosn and also check
that joint strength shows the same I, as the virgin
materials of 2G ReBCO HTS

5.4 Re-qualification

If one of three specimens fails to meet the acceptance criteria in ISO 17279-1:2018, 5.9, or Table 3, the
test shall be rejected. Two additional test specimens shall be joined using the same procedure and
subjected to testing. If one of these extra specimens fails to meet the requirements, the personnel for

1) Under preparation.

© ISO 2018 - All rights reserved
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micro-joining and oxygenation-annealing shall be required to have additional training before new tests

are made.

If two of three specimens or all three specimens fail to meet the acceptance criteriain ISO 17279-1:2018,
5.9 or Table 3, the personnel for micro-joining and oxygenation-annealing shall be required to have
additional training before new tests are made.

5.5 Qualification examination and examination report

The results of all testing shall verify that the personnel for micro-joining and oxygenation-annealing

passed the

aualification examination This shall he documented The format of the documenta

Fion

shall be ddg
documentd

1
cided by the manufacturer. A suggested test report is shown in Table 4 and Annex €:
tion can be on paper or electronic media.

Table 4 — Test report for personnel qualification

The

Examine¢ Joint design Width | Superconducting Visual Critical cur~ ||/ Tensile testing
Lap Bridge material testing | rent (I;) test-'| with reinforge-
ing ment
mm
A X 4 YBCO P F F
B X 6 GdBCO P P P
C X 12 SmBCO F P P
NOTE P: papsed or qualified, F: failed.
5.6 Peripd of validity
5.6.1 lnltial qualification
The persomnel qualification for micro-joining and exygenation-annealing is valid from the date when
the requirgd examination has been carried out-and acceptable results are available. The qualificatidn is

valid for a

5.6.2 Co

The qualif
every 6 m
employer.
validity of

5.6.3 Pr

The persor

beriod of 2 years, the period of validity ending on the last day of the month.

nfirmation of the validity

cations of the personnel for micro-joining and oxygenation-annealing shall be confir

Fhe qualificatignyfor a further 6-month period.

blongation‘of qualification

by an exa

ed

onths by the persen-responsible for welding activities or examiner/examining body or
[his confirms that'the welder has worked within the range of qualification and extended|the

nelqualification for micro-joining and oxygenation-annealing can be extended every 2 y¢ars
iner: Before the certification is extended, the relevant specifications of this document shall

: 1 1l L1l > h L 1 111 Lo 1
be satisfiedamdtire TOTTOWTITg COTTUICIOIS SiTdil 0T COIIT e,

joining and oxygenation-annealing and shall identify the WPS(s) used in production;

month

s. Evidence relating to prolongation shall be retained for a minimum of 2 years.

all records and evidence used to support prolongation shall be traceable to the personnel for micro-

evidence used to support extension shall be the tests in 5.2 and 5.3, passed during the previous 6

© ISO 2018 - All rights reserved
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6 Qualification of personnel performing the test joints testing

6.1 General

Manufacturers shall have at their disposal sufficient competent personnel for the testing of 2G HTS
micro-joined and oxygenation annealed specimen in accordance with specified requirements. The
manufacturer shall be responsible for developing the training program, written practice, examination,
and practical demonstrations for personnel performing the test joints testing in accordance with this
document and manufacturer’s requirements. These shall establish the capability of the personnel

performing the required testing. Qualification records shall be kept up-to-date.

In d

joining and oxygenation annealing, the personnel shall have good technical knowledgeof:

Thd
of t
req

6.2

The
Qud
Mic
The
mef

Tes
cali

rder to be able to understand test results even when not involved in or responsible,fop

superconducting material;
joint designs specified in ISO 17279-1:2018, Figures 4 and 5;

micro-joining and oxygenation des

ISO 17279-1:2018, 5.5.3.

annealing techniques and~procedures,

personnel shall have technical background and knowledge on the testing methods and ¢
est results [see ISO 17279-3]. Hands-on experiences on opérations of the testing equ
hired.

Essential variables and range of qualification

qualification for personnel performing testing the test joints is based on essential

ro-joining and oxygenation annealing outside the range of qualification requires a new qu
personnel shall be successfully qualified for this specific method. The qualification is v4
hod only.

[ing equipment is very sensitie)to the joint test quality. The equipment shall be ¢
brated according to the manufacturer’s specification. Only equipment with valid calibr

be 4
trai

and controllers of the testing equipment requires re-qualification.. The personnel shall be tr

ipplied to the tests. A change'from one type of test equipment to another type requires
ing to operate. Any alteration, addition or removal of critical components such as gauges

the micro-

cribed in

valuations
pment are

variables.

lified ranges are defined by the manufactuger:or the manufacturer’s designated persontel or body.

alification.
lid for that

eriodically
ation shall
additional
regulators
ained with

modlified equipment iffest equipment is modified. Only calibrated and/or qualified test equipment shall

be
test
bel

sed for the testsnProvided that the personnel works in accordance with an operation
ing specificatiens determined by manufacturer or tester developer, the range of qualifig
mited only-as specified in the manual or specification. The range of qualification for oths

manual or
ation shall
r variables

shall be specifjed in the manufacturer’s specification.

6.3| ,Qualification methods

The qualification methods for personnel shall be defined by manufacturer or manufacturer’s designated
personnel or body. The standard test joint specimen specified in ISO 17279-1:2018, Figures 4 and 5,
with known test results can be used to qualify the personnel, or any superconductor virgin specimen
without joint can be used for the personnel qualification.

Test items for the qualification are basically to confirm electrical and magnetic properties and profiles
by four-point-probes test, field-decay test, in-field test, critical magnetic field test, critical current
density distribution test, tensile test and bend test, and to confirm microstructures, morphologies, and
characteristics of joint materials by microscopes or X-ray diffraction test and also to confirm integrity
by visual test, tensile test and bend test (see ISO 17279-3 and ISO 17279-1:2018, 5.5.4.2 to 5.5.4.11).

The tests shall be performed on the standard test joint specimen or any superconductor virgin
specimen without joint. Table 5 shows mandated personnel qualification requirements. Joint critical

© ISO 2018 - All rights reserved
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current, I, is extremely important for the superconductors. Other methods described in ISO 17279-3
and ISO 17279-1:2018, 5.5.4, can be performed for personnel qualification, as required.

Table 5 — Personnel qualification requirements

Type of test
Visual test

Qualification requirements

Education, training and qualification test: according to the requirements of

the manufacturer or designated organization

identification shall be tested and acceptance criteria shall be according to

Vision requirements: Near vision (Jaeger), colour-blindness, colour contrast

the

requirements of the manufacturer or designated organization

Critical cu|
P

rent, I, test by four-
oint-probes

Education, training and qualification test: according to the requirement
the manufacturer or designated organization

Tensile t

est with joint rein-
forcement

Education, training and qualification test: according to the requirement
the manufacturer or designated organization

6.4 Re-d

If personng
and requir

6.5 Qua

The results
qualified it
A suggeste]
paper or el

ualification

bl fail to meet the qualification requirements specified in Table 5;.they shall be un-quali
bd to have additional training to be re-qualified.

lification examination and examination record

shall verify that the personnel passed the qualificatieh'examination and be documented
ems shall be recorded. The format of the documentation shall be decided by the manufacty
d record is shown in Annex D. Table 4 can be used for record. The documentation can b
ectronic media.

6.6 Peripd of validity

6.6.1 In

The perso
out and ac
validity en

6.6.2 Co

The qualif
every 6 m
employer.
validity of

ltial qualification

nel qualification is valid from the date when the required examination has been car
feptable results are availdble. The qualification is valid for a period of 2 years, the perio
Hing on the last day of the/month.

nfirmation of thevalidity

onths by-the person responsible for welding activities or examiner/examining body
[his confirms that the welder has worked within the range of qualification and extended|
Lhe qualification for a further 6-month period.

fied

All
rer.
P on

Fied
d of

cations of the-personnel for micro-joining and oxygenation-annealing shall be confirmed

' or
the

6.6.3 Pr

h - £ 16 s
UIVIIg54dUUIT U1 udaliiitduuil

The personnel qualification can be extended every 2 years by a supervisor. Before the certification is
extended, the relevant specifications of this document shall be satisfied and the following conditions
shall be confirmed:

— allrecords and evidence used to support prolongation shall be traceable to the personnel;

6 months. Evidence relating to prolongation shall be retained for a minimum of 2 years.

evidence used to support prolongation shall be the tests in 6.2 and 6.3, passed during the previous

© ISO 2018 - All rights reserved
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7 Third-party check

During the entire process for qualification of personnel performing micro-joining and oxygenation
annealing, and testing the test joints, the responsible person, as a third party from the quality assurance
(QA) team, may review all documents and monitor the whole process according to a developed check
list (see Annex E). If there are any findings during reviewing and monitoring, the findings can be
directly notified to the president or responsible personnel in the organization by issuing NCR (Non-
Conformance Report).

© ISO 2018 - All rights reserved 7
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Annex A
(normative)

Functional knowledge of micro-joining and oxygenation annealing

A1l Ge

apparatus

ral

This annex specifies the knowledge of the apparatuses required by personnel performing micro-joiing
and oxygehation annealing apparatus to ensure that procedures are followed and comumon pract

are compli

A.2 Seq

The persomnel performing micro-joining and oxygenation annealing shall\understand the proced

requireme
knowledge
a) jointp
1) co
2) clg
b) jointir
1) idg

2) idg
3) pr
c) qualifi
d) proces

pd with.
lences and procedures

hts and the influence of parameters involved. In particular, the personnel shall
able about the following:

Feparation and joint representation:

hformity to the WPS for joint preparation;

anliness of the specimens to be joined;

hperfections:

bntification of joint imperfections;

bntification of causes of joint imperfections;

bvention of joint imperfections and remedial action necessary;

cation for personnel performing micro-joining and oxygenation annealing, including its ra

s operation:

1) k

owledge of procedures or sequences;

2) krjowledge'\of operation of the micro-joining and oxygenation annealing apparatuses
understanding of the signals given by the apparatuses;

3) oplefration of auxiliary apparatuses (oxygen tank, etc.);

lICeS

ure
be

hge;

and

4) specimens set-up;

5) setting and adjustment of parameters within the WPS;

6) ap

plication of safety procedures and precautions;

7) (initiation of start and stop procedures.

© ISO 2018 - All rights rese

rved


https://standardsiso.com/api/?name=44d2642caac4c77e6f03c22034c6ccd6

IS0 17279-2:2018(E)

Annex B
(normative)

Knowledge of micro-joining and oxygenation annealing

technology

B.]I General

Thi

5 annex describes the job knowledge that personnel performing micro-joining.and o

Kygenation

annealing requires to ensure that the WPS is followed and that common practices are complied with.
The job knowledge discussed in this annex is presented at the most basic level:

Ate

micdro-joining and oxygenation annealing.

It i proposed that only general objectives or categories of job knowledge be standardized.

que

aut
per

The

oft

hority, and should include questions on areas covered in B.Z relevant to the qualification o
forming micro-joining and oxygenation.
ne following methods or combinations of these methods:

written objective tests (combinations of multiple choice and descriptions), given on pa
computer;

oral questioning following a set of written questions.

The test of job knowledge is limited(to'the matters related to the method used in the test.

B.2 Requirements

Thd

personnel performifig)micro-joining and oxygenation should have knowledge of:
joining and oxygenation annealing apparatuses:

1) identification and assembly of essential components;

2) seléection of correct micro-joining tools;

3)_“the principles of the apparatuses;

st of job knowledge is mandatory and should be recorded on the certificate of personnel performing

The actual

stions that are used should be drawn up by the individual manufacturer, employer or gngineering

[ personnel

job knowledge of personnel performing micro-joining and oxygenation can be accomplighed by any

per or on a

b)

4) maintenance of the equipment;

micro-joining and oxygenation annealing processes:

1) the apparatuses and control systems;

2) setting and controlling of micro-joining and oxygenation annealing parameters;

3) correctalignment of the materials to be joined;

4) influence of parameters on the micro-joining and oxygenation annealing processes;

5) inspection of micro-joining tools and equipment;
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6) causes and appearance of micro-joint imperfections;
c) 2G HTS parent materials, including their identification;
d) safety and accident prevention:

1) electrical risk;

2) mechanical risk;

e) knowledge of micro-joint testing.
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Data report for micro-joining and oxygenation annealing, and

testing of the test joints

Report No.:

Manufacturer's WPS No.:

Ex
Nar
Nar

Datp:

ISO
Mic

Photo Photo Photo
Micfo-joining and oxygenation-annealing unit:
Midro-joining
Joint type: Materials: Joint width:
Rerpoval of Cu stabilizer and or' Ag overlayer:
Hegting method: Chamber internal vacuum:
Peak temperature: Dwell time at peak temperature:

Hedting rate;

Pre

Oth|er:

iner or examining body:

h

he of person performing testing:

he of person performing micro-joining and oxygenation annealing:

standard and or test standard:

ro-joint details (including photos if necessary):

ssure-to.the joint:

Cooling rate:

Oxygenation annealing

Chamber internal pressure:

Temperature: Heating rate:
Dwell time: Cooling rate:
Other:

© ISO 2018 - All rights reserved
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Visual test

Appearance: Imperfections:
Alignments: De-bonding of joint:
Any specific:

Critical current (I;) test

Critical cuj
Index num
Cryogenic

Other:

rent, I.:

Critical current density, /.

ber, n:

Cyclic thermal shock characteristic:

coolant applied:

Field-dec4d

y test

Test duratijon:

Other:

Joint resistance:

In-field te
Applied co
Other:

5t

hditions:

Tensile te

Applied loz

Room temI

Room tem

Other:

bt
d:

erature without réinforcement: 77 K without reinforcement:

erature with reinforcement: 77 K with reinforcement:

Bend test

Minimum bending diameter:

Bending angle:

Room temperature without reinforcement: 77 K without reinforcement:

Room temperature with reinforcement: 77 K with reinforcement:

Other:

12
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Critical magnetic field test

Applied conditions:

Other:

Critical current density distribution test

Applied conditions and technique:

Other:

Midroscopic and X-ray diffraction test

Applied conditions and technique:

Other:

Dat

D

Narhe and signature:

Titl

(]
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Annex D
(informative)

Test results

Report No.:

Manufactuter's WPS No.:

ISO standajrd No. and or test standard:

Visual test

Personal data:

Education| training and qualification:

Vision: Near vision (Jaeger):
Colour-blihdness: Colour contrast identification:
Others:

Item Reésults

Four-point-probes test

Personal data (education, training and qualification):
Item Results

Field-decay test

Personal data (education/training and qualification):
Item Results

In-field test
Personal data (education, training and qualification):
Item Results
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