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4. TECHNICAL REQUIREMENTS

4.1 Introduction

This standard establishes product and process design requirements, along with validation testing and acceptance criteria
for evaporators intended for use with R-1234yf or R-744 refrigerants. Significant refrigerant leakage by the evaporator into
the passenger cabin could potentially pose a health and safety risk to vehicle occupants. To ensure appropriate risk,
evaporators and evaporator assemblies shall:

o Meet requiremerLts for evaporator labeling to ensure compliance to this standard and proper hand

4.2 Evaporators U

Evaporators installe
manufacturer or OE
with this standard 3
vehicle manufacture]
documented.

4.3 Other Evapor

documentation processes)

An evaporator prod
documentation proc
this standard. Comp

Certification of R-12
of SAE J2911.

Meet certification and documentation standards.

Be designed, manufactured and tested to minimize evaporator leakage for the design life of the vehicle.

sed by Original Equipment [OE] Vehicle Manufacturers

d in new vehicles and made available for service through the distribution cha
M supplier are considered original equipment [OE] evaporators.(These OE evap
s a minimum; substitution of specific test procedures, which_correlate well to
I's is acceptable. Formal compliance certification and risk-assessments have b|

htors (From non-OE suppliers or used by vehicle<manufacturers without forr

uced by a non-OE supplier (or used by.,@\vehicle manufacturer without forr
bsses) may only be installed in vehicles; if the component shall fulfill the requir|
iance to this standard shall be certifiedi@and documented as described below.

B4yf and R-744 evaporators frominon original equipment manufacturers shall md

ing in service.

hnels of the vehicle
orators shall comply
field return data, by
een established and

hal certification and

hal certification and
ements described in

bet the requirements

This SAE J2911 qualified institution shall issue-a “Certificate of Conformity”, stating that the examin¢d evaporator meets

the essential safety
procedures, and car
4.3.1 Responsibili
The manufacturer s

the following section
evaporator productid

requirements covering'design, manufacture and testing; follows appropriate co
ies the necessary labels and other information. Details of certificate are found in

ly for Certification
nall supply._documentation to SAE as described in SAE J2911 that includes the

5. The manufacturer shall provide an appropriate number of evaporators that are
n being certified and the intended HVAC system.

nformity assessment
Appendix D.

information listed in
representative of the

4.3.2 Documentat

on Submission and Certification Submission

The manufacturer shall complete and submit form SAE J2842 Appendix D as the actual certification document.

5. EVAPORATOR

DESIGN AND CERTIFICATION REQUIREMENTS

The evaporator in this standard is defined as a component (the evaporator core body and permanently attached lines and
fittings) installed in the heating, ventilation and air conditioning (HVAC) module intended for climate control of the
passenger compartment of a vehicle. The evaporator assembly in this standard is defined as a component assembly (with
removable attaching lines, fittings or devices) installed in the heating, ventilation and air conditioning (HVAC) module
intended for climate control of the passenger compartment of a vehicle. The evaporator or the evaporator assembly shall
be treated as the component specified in this standard according to each section.
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5.1 Evaporator Design
5.1.1 Evaporator Design Requirements and Design Best Practices

The evaporator is located within the heating, ventilation and air conditioning (HVAC) module and is connected to the
refrigerant circuit.

Substandard evaporator design, damage or misuse during assembly, shipping or service may increase potential risks to
vehicle occupants. The requirements specified in this standard contain an approach for design, assembly to the HVAC
housing, production quality and production testing of the assembly. Other relevant manufacturing and transportation

practices such as storage, packaging and shipping shall be documented and retained by the manufacturer.

Evaporators shall be—desi
(storage and soak) @s would be expected over the Ilfetlme of a vehicle. The evaporator shall havée
behavior and protecfion to meet this specification or the equivalent based on evaporator field return’d

Evaporators as assgmbled in an HVYAC module must include consideration of forces and tarques fro
disassembly of attaching lines and components. Any attaching tubing/pipe or other component
assembly must withstand anticipated production, transport and assembly forces:*on those
degradation of the rgfrigerant retention characteristics from those specified in this standard.

Any tubing or pipind used in the assembly may be strengthened with brackets,’connecting flanges,
from potentially danpaging mechanical loads resulting from assembly operations, handling or trans
degrade the refrigefant retention characteristic of the assembly. See &7vfor the allowable leak r3
assembly.

Material compositiop should comply with local or national environmental rules and requirements
regulated substancgs). The materials for the evaporator shall*be suitable for the maximum and
temperature and pressure ranges listed in SAE J639.

Evaporator designs [must have adequate material resistance to any chemical reactions with the refr
(including normal degradation of both over time);to” meet this standard and shall be capable
significant degradatjon of the refrigerant retention characteristics from those specified in this
anticipated working femperature and pressure(cycles, for the life of the vehicle. This includes exposu
(for charge extractiop and filling).

The design specificgtions of the evaporator shall include considerations for changes in material prop
based upon assembly, shipping, expected usage, exposure to corrosion and storage to achieve evapq

If the evaporator or ¢vaporator-assembly, including mating or attaching parts, are assembled from diff
galvanic corrosion must be ¢onsidered in the validation/certification process.
5.1.2

Evaporator Manufacturing Requirements

well as vehicle off
ppropriate corrosion

ata.

m the assembly and
s in the evaporator
omponents without

etc. to protect them
portation that would
te of an evaporator

(e.g., banned and
minimum operating

gerant and lubricant
pf operating without
standard under the
re to a deep vacuum

erties due to ageing
rator life targets.

erent materials, then

The evaporator production process covers the manufacturing and testing of the evaporator or t
evaporator and other parts as it is delivered for further assembly or distribution.

he assembly of the

Robust manufacturing processes are required to ensure evaporator designs appropriately minimize potential risks to
vehicle occupants. Design and process Failure Mode and Effects Analysis (FMEA) must be completed for evaporators

used in a MAC system using R-744 or R-1234yf.
The evaporator manufacturing process must take into account and insure the following:

- All critical characteristics coming from the Design-FMEA (on the complete evaporator assembly and
in the assembly) must be addressed;

- All critical characteristics coming from Process-FMEA (on process parameters) must be addressed.

on each component

- All design and process critical characteristics shall be included in the quality control plan for the evaporator.
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5.2 Pressure Strength and Endurance
5.2.1 Burst Requirements

Evaporators shall meet or exceed specific minimum burst pressure requirements as defined in the latest published version
of SAE J639. For new evaporator, these values shall be a minimum of 2 times the maximum low-side refrigerant gauge
pressure.

5.2.2 Burst Pressure

For R-744 MAC systems increase the pressure 1.0 MPa/s up to 50% of the minimum burst pressure and afterwards by
0.1 MPa/s until the minimum burst pressure is achieved. The evaporator must hold this pressure for 1 min without rupture

or structural failure.

Continue nrlr'ling 01 MPal/s until the actual burst pressure is reached

For R-1234yf MAC 4
10 kPa/s until the m
or structural failure.

The values obtained
As actual burst pres
5.3

5.3.1 Requiremen

ystems increase the pressure 100 kPa/s up to 50% of the minimum burst pressu
nimum burst pressure is achieved. The evaporator must hold this pressure for 1
Continue adding 10 kPa/s until the actual burst pressure is reached.

for burst pressures shall be recorded and documented.

bure is achieved, no fragmentation from the evaporator shall‘occur.

Fatigue Resis{ance Under Cycling Pressure

ts

The pressure cycle test is targeted to simulate a minimum of 10.years of life or 6000 working hours.

The evaporator shal
to the following cycli
temperature.

The fatigue resistan
is 95% with a confid
and shall be selectq
methods. The calcu

first be subjected to the Mechanical Structural Resistance test in 5.4. The evapd

e and afterwards by
min without rupture

rator shall be tested

ng requirement between lower and upper pressure, with a defined frequency, at @ 60 °C working fluid

ce under cycling pressure shall’lbe determined based on ‘Weibull’ analysis. The r
ence of 50%. Sample size’Jand number of equivalent lives are dependent on th

bliability requirement
e evaporator design

d to demonstrate the @forementioned reliability requirements. Refer to VDA Band 3 for calculation

ation is listed below:

C=1— Rnx(rva)b

AY%

where:
C = Confidenc
R = Reliability

r

= Factor for acceleration of stress according to Woehler (=1 if using the same amplitude)

Lv = Number of lives: Extension of testing time longer than default

b
n

= Measure of scattering of the failures (Weibull slope)
= Number of samples
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TABLE 1 - PRESSURE CYCLING REQUIREMENTS

R-744 R-1234yf
Lower/Upper Pressure 5 to 10 MPa (abs) 0.1 to 1 MPa (abs)
Number of cycles 130 000 cycles 22 000 cycles
equivalent 10 years
Frequency: 1.25Hz+1Hz 1.25Hz+1Hz

TABLE 2 - EXAMPLE CALCULATION FOR R-1234YF WITH R95 AT C50

Weibull Slope Sample Quantity Lives Total Cycles
3 4.50 Q9 098
4 3.38 T4 B24
5 2.70 59 #159
6 2.25 49 b49
2 3 2.12 46 p92
2 4 1.84 40 437
2 5 1.64 36 [168
2 6 150 33 p16

5.3.2 Test Method

The pressure cycle
+60 °C = 5 K over th
oil) for new evapora

test can follow a trapezoidal or sinusoidakpattern. Test fluid is a hydraulic oil
e entire test time. This pressure cycle test shall be run until failure (release of hy
or models. Once the Weibull slope is\established, the equation in 5.3.1 can be u

appropriate amount

of cycles for a given number of samples. If the required number of cycles is r¢

leak test shall be comnpleted and passed (after the eyaporator is cleaned) as described in 5.7.2.

5.4 Mechanical Structural Resistance

5.4.1

Integrity of the tubg or pipe conngction to the evaporator core is essential to refrigerant retenti
resistance of the tulbes/pipes isAested by bending and rotating the connection tubes/pipes in one
applying a torque or|force thatreturns them to the original location. After testing, a metallurgical chec

Requiremenits for the Structural Resistance of Tube Connections

to locate any cracks [that may:have formed. The test is intended to be performed once.

5.4.2 Test for Structural Resistance of Tube Connections

or refrigerant oil at:
draulic or refrigerant
5ed to determine the
ached, a refrigerant

bn. The appropriate
lirection followed by
k shall be performed

The evaporator assembly (with attaching lines or fittings) shall be installed on the test bench and the following test
sequence shall be carried out (the following forces/torques shall be applied at the interface position to the thermal
expansion device or at the pipe connections outside of the HYAC module):

a. Apply a vertical force in the Z-direction to the evaporator tubes and increase until either a minimum displacement of
+5 mm with reference to the zero position or a maximum of 100 N is reached. Then, change the direction of the force
to -Z-direction and increase until either a minimum displacement of -5 mm with reference to the zero position or a
maximum of 100 N is reached. Again, change the direction of the force and increase until the reference zero position
or a maximum of 100 N is reached.
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Apply a horizontal force in the Y-direction to the evaporator tubes and increase until either a minimum displacement of

+5 mm with reference to the zero position or a maximum of 100 N is reached. Then, change the direction of the force
to the —Y-direction and increase until either a minimum displacement of -5 mm with reference to the zero position or a
maximum of 100 N is reached. Again, change direction of the force and increase until the reference zero position or a
maximum of 100 N is reached.

Apply a horizontal force in the X-direction to the evaporator tubes and increase until a minimum displacement of

+5 mm with reference to the zero position or a maximum of 100 N is reached. Then, change the direction of the force
to the —X-direction and increase until a minimum displacement of -5 mm with reference to the zero position or a
maximum of 100 N is reached. Again, change the direction of the force and increase until the reference zero position
or a maximum of 100 N is reached.

qual to production assembly torque but not less than 5 Nm + 0.5 Nm to the tu

e in the direction of

b.

C.

d. Apply a torque
expansion devic

e. Apply a torque €
device assembly.

Z;
+Z mm

+Y 1

5.4.3 Acceptance

The evaporator assémbly must not Ieak (as described in 5.7.2) after performing test sequence a. th

cracks should be in
pipe to the evaporat

5.5 Structural Res

e assembly.

qual to the assembly torque, but not less than 5 Nm + 0.5 Nm, in the opposite d

FIGURE 1 - MULTI DIRECTIONAL PIPE BENDING FOR EVAPORATOR

Criteria

tiated when analyzed by metallurgical inspection at the connection (brazed or
br core.

istangeto Corrosion

5.5.1 Requiremen

ts-for Corrosion Resistance

rection of expansion

rough e. above. No
pther connection) of

Evaporator manufacturers shall perform the corrosion testing procedure described below in 5.5.2.2 HEREL and
Appendix B. Original equipment manufacturers of evaporators can substitute corrosion test procedures based on
historical standards that give good correlation to field return data. The intent of this standard is to achieve 10-year (or

6000 working hours)

corrosion leakage resistance in a moderately corrosive environment.
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5.5.2 Corrosion Reliability Tests

Requirement for Evaporator Resistance to Corrosion

General Test Requirements

Successful completion of the corrosion testing is contingent on passing the refrigerant leakage test in 5.7.2. All
brazed joints may show surface corrosion but not separation. For the braze joint between the tube/plate to fin, this is
demonstrated via inspection of the remaining bond. For braze joints that provide refrigerant containment integrity of
the evaporator (including, but not limited to: plate to plate, tube to header, connecting tube to evaporator, etc.) this is
demonstrated via the leakage test mentioned previously.

As mentioned eatlier, nriginal nqnipmnnf manufacturers of evaporators can substitute corro

ion test procedures

0.1 g/s at 6.4 NIPa for R-744, which is the practical values, given the nature,of the corrosio

5.5.2.1
a.
based on histori
b. Initial Leak Rate
When tested to
representative o
corrosion test is
5.,5.2.2 HEREL [H

The HEREL test is

Original equipment manufacturers of evaporators can substitute cofrosion test procedures based on

that give good corre

Optionally, if 10 yead
HVAC unit contamin

Cal standards that show good correlation to field return data and meet the intentia

the loss of pressure integrity, the leak rate shall be less than 0.03g/s at 0.55 M

f a corrosion leak in the field. The leak rate after the corrasior’ testing shall 4
also intended to reproduce a similar failure mode to that observed in the field.

eat Exchanger Reliability] Test
ntended to cover 10 years or 6000 working houts of usage in a moderately co
ation to field return data.

rs in a severe corrosive environment.is. desired, then the HEREL test run in
aAtion test in 5.5.2.3 is recommended.

5 mentioned above.

Pa for R-1234yf and
n test, judged to be
e documented. The

frosive environment.
historical standards

conjunction with the

TABLE 3
Contamination Moderate
Recommendation (Central Europe) Severe
§5.5.23 Climate Climate
REequirement not fulfilled 10 years N/A
Optional fulfilled 10 years 10 years

See Appendix B for {est condition details.

5.5.2.2.1 Corrosid

n Test'Cycle Description and Solution Concentration

See Appendix B for

est cycle and solution.
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5.5.2.2.2 Acceptance Criteria for Corrosion Testing
Passing both sections a. and section b. is required for acceptable HEREL performance.
a. Leak tightness and corrosion pit depth after 30 days

The evaporator must be considered leak tight based on pressure decay or air under water test in 5.7.2 and the
maximum pit depth in an active surface (defined as a surface exposed to the airflow) after 30 days of testing must be
smaller than 50% of the material thickness. A minimum of 6 tubes/plates shall be checked for each evaporator. The
selected tubes/plates shall be selected based on worst-case corrosion from visual inspection.

b. Reliability is demonstrated based on the number of parts tested using Weibull analysis where Beta >2.4 (original
equipment manufacturers may. have different Prifnrin) 21 r'I:\ye of the HEREL test is the pqni\/n ent of 10 years and

6000 working hdurs.

Reliability requirement of 95% shall be demonstrated with 50% confidence, refer to the equation.in 5.3.1.

TABLE 4 - EXAMPLE CALCULATION FOR WITH R95 AT-C50

Beta Sample Quantity Lives Total)Days
2 3 2.12 45
2 4 1.84 39
2 5 1.64 35
2 6 1.50 32
8 3 1.21 25
8 4 1.16 24
8 5 1.13 24
8 6 1.11 23

5523 Optional { Recommendation for HVAC Unit for 10 Years in a Severe Corrosive Environmerijt

To some degree, the HVAC unit and blower can contribute to evaporator corrosion. Specifically, evaporator core deposits
can be formed from plower motor and.brush degradation compounds.

The following test i$ established™to ensure the actual contamination amount specified in the HEREL (heat exchanger
reliability test) is repfesentative-of what can be expected from the HVAC module and blower motor.

5.5.2.4  Evaporatgr Contamination Test in the HVAC Unit

To establish the evaporator contamination amount, use only new components (evaporator, HVAC blower). Install the
evaporator in the intended HVAC module then operate the HVAC blower continuously for no less than 10 days at
maximum blower speed. The ambient conditions for the test are defined by ISO 554-1976-07. The evaporator is not
connected to a refrigerant or coolant loop. Air distribution mode is set to the mode that provides the highest current draw
for the blower motor. Temperature for the test is the ambient temperature defined in ISO 554-1976-07.

The evaporator can be replaced by a filter with similar pressure drop. In this case, other acceptance criteria for
contamination can be proposed as long as correlation with the original test method is demonstrated.

After the test, remove the evaporator from the HYAC module and test for contaminants (per Appendix A).
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55.2.5

Copper <15 mg/part
Sulfur <5 mg/part

Acceptance Criteria for Contamination Test

The criteria for copper and sulfur are the differences between a contaminated and an unused evaporator

5.6 Resistance to

Temperature Cycling

For R-1234yf, this test is only required for evaporators that consist of non-metallic components other than seals for mating

connections. For R-

5.6.1 Requireme

744 this test is required in all cases.

s for Temperature Cvelina
g 4 g

The evaporator ass

test shall simulate component temperature changes during the vehicle lifetime [6000 working-hours]. ]

meet requirements i

Finite element analy

5.6.2 Temperaturé Cycling Test Procedure

The evaporator (wit
exposed to the folloV

The evaporator is pl
24 h. Afterward the

bmbly shall withstand ambient temperature cycles between -40 and +90 °C:-Th
N 5.7.2 after performing the tests.

5is can be substituted if the temperature cycling test is difficult to-conplete.

N expansion valve) is sealed and pressurized with nitfogen to 1.4 MPa at roonm
ving test cycle shown in Figure 2 and described below.

Température [°C]

24
+ 30 H

temps [h]

L

>3

\J

>3

- 40

FIGURE 2 - TEMPERATURE CYCLING TEST

acedif-a thermal chamber and heated to 90 °C + 2 K (without control of the pr
evaporator shall be exposed to 12 cycles lasting 8 h of -40 °C + 2 K to +90 °C

than 3 h hold time at

e temperature cycle
['he component shall

temperature and is

essure) and held for
+ 2 K with a greater

thea minimuiunm and mavimiim canditinne Thao tntal tact Hima 1o intandad tn ha 120
tHe-HHH oo e oo o - GO at oS e toTte StareTS e Haeatove— =

5.7 Leak Testing

h, or 5 days.

The leak rate for R-744 evaporators shall always be specified in “g/year” corresponding to a pressure of 6.4 MPa. The
leak rate of R-1234yf evaporators shall always be specified in “g/year” corresponding to a pressure of 0.55 MPa. The
considered evaporator assembly covers the brazed evaporator inclusive of tubing and mating connections (i.e., TXVs) as
delivered to the OEM. The test pressure for both development and production shall not be below the respective reference
pressure listed above.

The leak rate requirements for the evaporator assembly for each of the tests in this section are:
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5.7.1 Helium Test for Production and Certification

All evaporators being checked by helium mass spectrometry shall meet the leak rates in 5.7.3 corresponding to the test
pressure. Figure 3 depicts an example of such correlation. The leak rate shall be determined using test equipment with a
maximum Gage R & R of 10% based on an allowable tolerance of +0.2 gly.

. . . . w744 gt 6 S0P a f control He at 15 60Pa
Helium (100%) / Refrigerant correlation
R1234yf at 0. 630IPA f cottrol He at 1 930Pa

1,0E-03
€ LOE-D4 — s
= Giles
= 1,0EDs
g A
: / :
=T 10E-06 - ’
m Z

1,0E-07

0,0 5,0 10,0 15,0 20,0
Refrigerant leak (g/vear)
FIGURE B - HELIUM/ REFRIGERANT CORRELATION FOR DETERMINATION OF EVAPPRATOR

LEAKAGE WITH\HELIUM AT SPECIFIED PRESSURES

5.7.2 Leak Testing Before Production

57.21 Leak Test
For leak testing afte
than 20 min to ensu
for the development

Alternative 1: Air ung

erwater test

ng with Air/Gas During Development

- other component validation tests involving oil, the evaporator leak test shall be|carried out for more
re detection)of small leaks, which could be masked by oil at the beginning of the[test. This section is
phase @nly and is not suitable for a production test. For production tests, 5.7.3 is|to be followed.

Using this method, the evaporator may be tested for leakage with 1.4 MPa air pressure under water:

e A leak rate of 3 gly for an R-744 evaporator (at 6.4 MPa) corresponds to a bubble with an approximate diameter of

2 mm every 2 to

3 min.

o A leak rate of 5 g/y for an R-1234yf evaporator (at 0.55 MPa) corresponds to a bubble with an approximate diameter
of 2 mm each 4 to 5 min.
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Alternative 2: Pressure decay test with Nitrogen (N)

A pressure differential exists across a leak path, which causes flow. The flow pattern across that leak path is viscous and

within this flow pattern for refrigerant systems it changes between laminar and turbulent.

The mathematical description of the individual flow pattern is complex. A simplified version of the co
the appendix.
occurrence in refrigeration systems.

mputation is used in

As a basis for leak determination, the “viscous/laminar" flow pattern is used because of its common

The evaporator leakage therefore may be tested with pressurized Nitrogen. After charging the evaporator at a pre-
determined pressure and allowing for stabilization, the test is performed by measuring the pressure decay over test time.

See Appendix C for details test conditions and Ir_\rnr‘nrh 1res

5.7.3 Production Test

All evaporators incldsive of all brazed fittings and pipes must be 100% leak checked, by, the man
mass spectrometry (or an equally accurate method) to the following specification. During the course
evaporator shall be pubjected to a proof test at a pressure no less than the 1.0 times}the maximur
pressure. The test tjme for the leak test shall be sufficiently long enough to detect@ leak that may be
by elastomers or oil.| The test pressure for leak rate determination is independerit of this proof test an
to the following refrigerant leak rates:

- 3 gly (with referende of 6.4 MPa) refrigerant leakage for an R-744 evaporator assembly
- 5 gly (with referende of 0.55 MPa) refrigerant leakage for an R-1234yf.evaporator assembly

All evaporator assernblies inclusive of the evaporator (from abovg) and including all non-brazed fitti
TXV), capable of lepking refrigerant within the cabin or within\the HVAC airflow path to the cabin
checked, by the evaporator manufacturer, before assembly.to'the vehicle. This leakage specificatid
a design requirement but an appropriate certification that fittings and devices have been assembled p
5.8

Life Cycle Tegt Sequencing for R-744 Evaporators

5.8.1 Requirements

Due to the lack of fleld history for R-744 evaporators, a life cycle test is required. For R-744, the
exposed to the appfopriate system eperating conditions to simulate the refrigerant system life (ten
pressure cycling, vipration, corrosion;”etc.) for vehicle usage reflecting 10 years of life or 6000
durability shall be gemonstrated by achieving the leakage and pressure targets after the other
completed.

5.8.2 Test Sequences

ufacturer, by helium
of the leak test, the
low side refrigerant
temporarily masked
0 must be correlated

ngs or devices (e.g.,
must be 100% leak
n is not intended as
operly.

evaporator shall be
nperature, pressure,
working hours. This
durability testing is

The life cycle test wa

the life of the vehicle.

It is not required for R- 1234yf evaporators. The specmed tests shaII be run in sequence as shown below. The life cycle
test is a combination of the single tests described in this standard. The following sequence shall be used for at least 4

test samples:

The required test sequences and the acceptance criteria are in Tables 5 and 6.
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TABLE 5 - TEST SEQUENCE FOR USING CONDITIONS LIFETIME PRIOR BURST TEST

Test Document Reference
Tube bending 54
Leak test 5.7.2
50% pressure cycling 5.3.1 number of cycles equivalent to 3000 working hours
50% of temperature cycling 5.6
50% Corrosion test 5.5.2.2 11 days HEREL (or other life time test to be agreed
between supplier and customer)
50% of pressurecycting 5-3-tmumberof tyctes equivatent to-3666-workimgtoprs
Leak test 5.7.2
Burst test 5.2

5.8.3 Acceptance|[Criteria

Evaporator assembly shall pass the leak test per 5.7.2 after completing the previgus'testing listed.

Evaporator assembly shall pass the burst test per 5.2 after completing the previous testing listed

TABLE 6 - TEST SEQUENCE INTENDED FOR'RELIABILITY PROOF

Test Docéument Reference
Tube bending 5.4
Leak test 5.7.2

50% pressure cycling

5.3.1 number of cycles equivalent to 3000

working hours

50% of teperature cycling

5.6

50% Corrgpsion test

5.5.2.2 11 days HEREL (or other life ti
be agreed between supplier and custo

Ime test to
ner)

Pressure ¢ycling until failure

53

The number of cyclels achieved must be greater than those specified in 5.3.

5.9 Process/Quality Centrols

The evaporator manuracturing process COVeTs The manuracturing ana 1estmng o1 the evaporator or tne
evaporator and other parts as it is delivered for further assembly or distribution.

sub assembly of the

The evaporator manufacturer shall maintain a Quality Management System which encompasses advance quality
planning, production accompanying quality assurance, quality analysis and documentation. (To ensure the product
requirements, the evaporator manufacturer must have a Quality Management System such as one according to ISO
9000:2000 with the complement of the requirement of ISO/TS 16949: 2002.)
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A systematic advance quality planning shall be conducted (Reference: APQP, VDA Volume 4, etc.) Important features

include ‘Machine Ca

pability’ and ‘Continuous Process Capability’.

The machine capability determines the quality of new or modified machines, tools and equipment and shall involve a

random check of at least 50 parts. The minimum requirement for variations is x-bar + 6 s which represents a Cpk =

2.0.

lasting process

capability, which is a combination of: manufacturing personnel, machinery,

The Continuous Process Capability is a long-term investigation, accompanying a production process, to determine

tooling, equipment,

materials and the working environment. Therefore, in this standard, consistent with the scope, vehicle manufacturer's
can set acceptable values and that the Cpk value here is applied to evaporator production processes that do not
supply a vehicle manufacturer. The minimum requirement for variations is x-bar + 5 s which represents a Cpk = 1.67.

Geometrical charact

eristics, e.g., size, thickness:

The conformity of each characteristic identified by the risk assessment as key to compliance, with th

be shown to be capg

According to the foll
on line.

5.10 Parts History
The documentation i

The evaporator man
assumes that test d
less than 5 years af
limited to certificatio

6. LABELING

6.1 All evaporato
indicates that

the wording b

“Conforms to SAE J
meet SAE J2842 Re
6.2 Label Require

6.2.1 Color

ble.

bwing state of the art: If CpK < 1.6 the production must be protected by poke- y

s mandatory for all evaporator models in complianceé{o this standard.

pcuments have been kept and stored. Thecebligation to keep documentation ¢
r the model is no longer in production. The parts history shall contain informatio
test results, tool and process changes; new materials, and other relevant modifi

, including OE and replacement, shall have a permanent marking (label, sta
is evaporator design meets SAE J2842, the refrigerant for which it was design

h
Tlow or optionally the symbols as shown in 6.3:

P842 (Evaporatof Manufacturer's Name or Trademark) Replace only with new e
frigerant R-XXXX* where R-XXXX is replaced with R-744 or R-1234yf as appropr

ments

s specification must

poke or 100% control

ufacturer shall ensure a qualified part history is maintained for each evaporator model produced. This

bvers a period of no
n such as, but is not
ations.

mp, or etching) that
bd, and shall include

aporator certified to
ate.

The two color label shall use PMS color standards.

The symbol version of the label shall use Pantone Orange [151] or yellow per ANSI Z535 “caution” with Pantone Black (or

equivalents).

The text version of the label may use Pantone Black and White or equivalents.
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6.2.2 Performance

The label material and construction shall conform to all specifications and requirements appropriate for the intended
installed location on the evaporator. The label shall remain permanently attached and legible for the life of the vehicle.
Testing of decals shall meet ANSI/UL 969-1991. ***NOTE: It is permissible to decal or stamp in conformance to the ANSI

standard. ****

6.3 Symbol only Label Design is shown below (label to replace text label in 6.1, at the discretion of the manufacturer).

See SAE J639

for symbol graphics.

6.4 It is permissik

R-1234yf evay
7. REPAIR OF DA

No leaking evapora
evaporators at the e
using melted filler m
not degrade the corr

]

An evaporator from
conditioning system
assembly includes

In the case of all ve
the system shall o
requirements.

MAGED OR LEAKING EVAPORATORS OR RE-USE OF USED EVAPORATORS

ors may be repaired or reworked’in the vehicle assembly process or in servic
vaporator manufacturing facility that are found to have a leak may be reworked {g
etal of a composition compatible with the other evaporator metals. Any fluxes
psion performance of the evaporator.

ar reftigerant control device (TXV/ Block valve) and is operational, re-use of th

@ & O
Aol
SAE J2842 RXXXX

{Add Refriperant Type; R-1234yf or R-744} A

(Add Manufacturer’s logo) —

FIGURE 4

icles being serviced-and identified as having a leaking evaporator, the leak shal

le to utilize the SAE J2842 label on an evaporator used for multiple refrigerants (i.e., a certified
orator used in an R-134a system).

J
e. Work in process

meet specifications
br agents used must

not be repaired and

ly be serviced by replacing the leaking evaporator with a new evaporator meeting SAE J2842

a salyaged vehicle air conditioning system shall not be repaired or removed
with‘the intention of using it again in the same or a different vehicle. Howev

from any vehicle air
er, if the evaporator
e refrigerant control

device is permitted.
8. NOTES

8.1

Marginal Indicia

A change bar (I) located in the left margin is for the convenience of the user in locating areas where technical revisions,
not editorial changes, have been made to the previous issue of this document. An (R) symbol to the left of the document
title indicates a complete revision of the document, including technical revisions. Change bars and (R) are not used in

original publications,

nor in documents that contain editorial changes only.

PREPARED BY SAE INTERIOR CLIMATE CONTROL STANDARDS COMMITTEE
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APPENDIX A - DETAILED TEST CONDITIONS
(Related to 5.5.2.3 Evaporator contamination test in the HVAC Unit)

This methodology describes how to evaluate sulfur and copper content on the evaporator external surface.

Main steps are:

- Washing external s

urface of evaporator

- Cleaning the external surface of evaporator with nitric acid

- Measuring the polly

Hants callacted
pHeHHS-COT o6

1)

Washing exterrn

The evaporator is clpsed in order to prevent water entry.

Method must fulfill tH
e dip the evaporat|

Shake for a peri

remove the cors
maximum quant

put the core insi

Sample 100 ml
homogeneity be

of 5 ml of HNO3

2) Cleaning the external surface of evaporator with nitric acid

The evaporator is clpsed in orderito prevent nitric acid entry.

The evaporator is p
volume of concentr

Sample accuratg quantity of solution for sulfur measurement (500 ml is necessary for the Plasma

al surface of evaporator

e steps described below:
Dr in a clean plastic box with 7 L of de-mineralized water (Conductivity < 20 uS/cn
pd of 1 h
from the plastic box and blow air across the evaporator above the plastic box ir
ty of water

je a clean plastic bag, with traceability on:the bag

ore sampling)

hitric acid concentrated at-:68%)

aced jincarnitric acid bath (plastic box) built by mixing 50% volume of deminera
hted.nitric acid. The concentrated nitric acid grade is reagent ISO 68% wt/w

be_purified via electro osmosis or ion exchange and have a conductivity <20 p$

=4

~

order to extract the

pf washing water in a bottle with label and keep it for pH and conductivity measufement (stir water for

method and addition

ized water and 50%
concentration. The
b/cm. Thus, the final

diluting water shall

concentration is 34

L L - - | s e | - L | —_— () L L -l L (] £ L H H
Vo witwtnitric—acid—The—evaporatoris—ptaced—mthe—bath—omtit—the—end-—of chemical reaction or a

maximum of 3 h. Part of the liquid from reaction is made homogeneous and used for copper analysis.
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3) Measuring the pollutants collected
2 methods are proposed for copper and sulfur measurement but others can be applied.

Determination of selected elements by inductively coupled plasma optical emission spectrometry (ICP-OES)
(ISO 11885:2007).

Determination of dissolved anions by liquid chromatography of ions - : Determination of sulfate (ISO 10304).
Advice:

Before any measurement, the ability of the laboratory to make accurate measurement must be validated.

Measurement on a rjew evaporator must be done before testing a polluted one for comparison.
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APPENDIX B - DETAILED TEST CONDITIONS
(Related 5.5.2.2 Requirement for Evaporator)
B.1 CORROSION TEST ON EVAPORATOR: HEREL
B.1.1 Field of Application

This procedure is done for all design of aluminum evaporators (fin and plates or fin and tubes evaporators, brazed or
mechanical assembly.)

B.1.2 Test Defin

ition

B.1.2.1 Corrosiq
The corrosion bench
B.1.2.2 Cleanin
Bench must be clea
Conductivity measur
B.1.2.3
Preparation of a soly

In 140 L of de miner:

- Chlorine (in the fo
solution.

- Copper (in the foqm of cuprous chloride, Cu€l3). The concentration is 20 mg/l of Copper ion C

anhydrous CuCl,. TH

- Sulfur (in the form
45 and 80 ml (add 1

Recommendation: T
recommended, 500

I

Preparation of the Test Fluid

n Bench Characteristics

must be in conformance with ASTM G85-02, Chapter 4
Procedure

ed before new test.

ement of water in the collectors after cleaning must be lower'than 20 uS/cm.

tion containing: Sulfur, Chlorine, and Copper.

blized water (conductivity < 20 uS/cm), are added:

e quantity of anhydrous CuCl, which has to be introduced into 140 L of solution i

of sulfurous acid, H5S0O3). The pH- Value shall reach 3.5. The quantity of H,SC
D by 10 ml), depending on the degradation of sulfurous acid in time with air.

o limit the impact of sulfurous acid degradation, using containers of a maximy
ml or less(are better.

m of sodium chloride, NaCl). The concentration is 5 g/l of NaCl, concluding 700 g NaCl in 140 L of

L," i.e., 0.042 g/l of
. 5.88 g.

5 to add is between

m capacity of 1 | is

TABLE B1
Reactants g/l g/ 1401
NaCl 5 700
CuCl, 0.042 5,88
H,SO; [ 0.3-0.6ml/l | 45-80ml/ 1401

The following parameters of the solution have to be checked once a week, at the laboratory temperature (22 °C £ 2 K):

-pH:3.5+0.2

- Conductivity: 9 mS/cm £ 2 mS/cm
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B.1.24

Preparation of the Evaporators

Evaporator is maintained under charged compressed air during the test with a pressure of 0.4 to 0.5 MPa

Depending on the nozzle position, the target for pollutant spray direction is to be normal to the inlet face of evaporator

J |

Recommendations:

Parts shall not be in

Parts of the evaporator out of the airflow can be insulated invorder to simulate airflow managemen

corrosion analysis w|
The active surface is
end plates when the
included in the corro|
B.1.3 Test Cond

The cycle consists 0

e consider only active surface

itions

Snravdiraction
pray-eecton

f 3 steps and is defined as below:

n ‘!

FIGURE B1 - SAMPLES POSITIONING

contact with each other to avoid the risk of influencing each other.

inside HVAC or for

the area crossed by the air in theeHVAC assembly configuration. Therefore tani{s at bottom and top,
y are covered by the housings-0f the HVAC assembly, and pipes when they are qut of the unit are not
sion analysis. When pipescoritanks are in the airflow, evaporator criteria are appligable.

TABLE B2

Duration (min) Temperature (°C) RH [%]
Test Flpiid'mist (spray phase) 20 49+ 2 100
Resting (humidity phase) 30 49+ 2 95
Flushing with dry air (drying phase) 20 49+ 2 50%*

The volume of condensate during the test is collected (surface collectors: 80 cm?).

*reached during 5 minutes

To ensure the homogeneity of test conditions (temperature, humidity) during all the phases, it may be necessary to

change part position in the chamber during the test.
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B.1.3.1 Follow-u

p of the Test Parameters

The following parameters are recorded:

TABLE B3

Parameters Target
3.5t04.5
9 to 15 mS/cm

< 0.2 ml/h/80cm?

pH of the condensates (twice a week)*

Conductivity of the condensates (twice a week) *

Volume of the condensates (twice a week)

In case of too low q
original solution (se€

In the event that the
the spray phase only

B.1.3.2

It is recommended t
air or Nitrogen unde

Test of the Evaporators

A9 C 2K

0.91/h+0,1

e o + /L 'y [TAY
ICTTTPTTAUrc {LUTUTTauuUSTy )

Liquid consumption during the spray phase

Not measured

Humidity during drying phase

* the measurement is carried o

uantity of condensates for pH and conductivity measurement;.those parameters
B.1.2.3)

condensate quantity is too low, volume measurements can be done at the beg
. In this case, condensate volumes are from 1 to.2 MmL/h/80 cm?.

b verify the tightness of the evaporators.iwice a week. After detection of a leak, t
water), in order to locate the leakage precisely.

utat T=22°C+2K

can be followed on

inning of the test on

ne part is tested (dry
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