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RATIONALE

This standard provides a testing and certification framework for an evaporator used in the passenger compartment of
vehicles, as part of a MAC system. It is being updated to improve clarity on corrosion test procedure, update based on
refrigerant status, and address manufacturer feedback on leak test. It is intended to appropriately minimize potential risks
to persons, during normal use or service of a MAC system using R744 or R-1234yf refrigerants.

1. SCOPE

The intent of this standard is to establish a framework to assure that all evaporators for R-744 and R-1234yf mobile air
conditioning (MAC) systems shall meet appropriate testing and labeling requirements. SAE J639 requires an assement to
be performed to minimize reasonable risks in MAC systems. The evaporator (as designed and manufactured) shall be part
of that risk assessment, and it is the responsibility of the vehicle manufacturer to assure all relevant aspects of the evaporator
are included. It is the responsibility of all vehicle or evaporator manufacturers to comply with the standards of this document
at a minimum. (Substitution of specific test procedures by vehicle manufactures that correlate well to field return data is
acceptable.) As appropriate, this standard can be used as a guide to support risk assessments.

With regard to certification, most vehicle manufacturers have established formal production part approval processes (PPAP)
where compliance certification is established and formally documented. For an evaporator manufacturer of non-original
equipment parts (or a vehicle manufacturer that does not have a formal part compliance certification process), then the
certification described in this standard is the requirement to which those evaporators shall comply. In this case, the
evaporator manufacturer or an independent institution shall complete the evaporator certification according to SAE J2911.
An example of the latter would be the completion of witness testing by the evaporator manufacturer with the submission of
certification documents by the witness organization.

Refrigerant R-152a was excluded from this standard because a secondary loop refrigerant system is required. This standard
also does not apply to R-134a refrigerant evaporators because it is proven in use.
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2. REFERENCES
2.1 Applicable Documents

The following publications form a part of this specification to the extent specified herein. Unless otherwise indicated, the
latest issue of SAE publications shall apply.

2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

SAE J639 Safety Standards for Motor Vehicle Refrigerant Vapor Compression Systems

SAE J1739 Potential Failure Mode and Effects Analysis in Design (Design FMEA), Potential Failure Mode and
Effects Analysis in Manufacturing and Assembly Processes (Process FMEA)

SAE J2772 Measurement of Passenger Compartment Refrigerant Concentrations Under System Refrigerant
Leakage Conditions

SAE J2773 Standard for Refrigerant Risk Analysis for Mobile Air Conditioning Systems

SAE J2911 Procedure for Certification that Requirements for Mobile Air Conditioning System Components,
Service Equipment, and Service Technician Training Meet SAE J Standards

Spessel, C. and Philippe, M., "Reliability of Evaporators Regarding Corrosion," SAE Technical Paper 2004-01-0216, 2004,
https://doi.org/10.4271/2004-01-0216.

2.2 Related Publications

The following publications are provided for information purposes only and are not a required part of this SAE Technical
Report.

2.2.1  Other Publications
AIAG Measurement System Analysis Reference Manual

ANSI/UL 969-1991 UL Standard for Safety for Marking and Labeling Systems, UL 969

ISO 13043 Road Vehicles - Refrigerant Systems Used in Mobile Air Conditioning Systems (MAC) - Safety
Requirements

ISO/TS16949 Quality Management Systems - Particular Requirements for the Application of ISO 9001:2000 for
Automotive Production and Relevant Service Part Organizations

QDAS Leifdaten Measurement System Capability Reference Manual

VDA Band 3 Ensuring Reliability of Car Manufacturers - Reliability Management (VDA Volume 3.1, 3rd Edition
2000)
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3. DEFINITIONS

All physical dimensions and units are expressed in Sl units and all indicated pressures are assumed to be gauge pressure
unless otherwise noted.

3.1 NORMAL USE

This term represents the use of the vehicle during normal driving and does not address damage that may occur in a vehicle
collision (this should be addressed in the vehicle risk assessment by the vehicle manufacturer).

3.2 DESIGN LIFE OF THE VEHICLE

Many vehicle manufacturers interpret this term differently and may recognize differences based on local climate conditions.
This standard uses 10 years and 6000 working hours in a moderately corrosive environment similar to Central Europe as a
normal design life

3.3 ORIGINAL EQUIPMENT (OE)

Designation of products or components from a vehicle manufacturer, or contracted by a vehicle manufacturer, who complies
with ISO/TS16949 standards.

3.4 BURST PRESSURE

The minimum pressure which causes a component to structurally fail or rupture, resulting in fluid leakage.

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:

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

e Meet certification and documentation standards.

e Meet requirements for evaporator labeling to ensure compliance to this standard and proper handling in service.

4.2 Evaporators Used by Original Equipment (OE) Vehicle Manufacturers

Evaporators installed in new vehicles and made available for service through the distribution channels of the vehicle
manufacturer or OEM supplier are considered original equipment (OE) evaporators. These OE evaporators shall comply
with this standard as a minimum; substitution of specific test procedures, which correlate well to field return data, by vehicle
manufacturers is acceptable. Formal compliance certification and risk assessments have been established and

documented.

4.3 Other Evaporators (From Non-OE Suppliers or Used by Vehicle Manufacturers Without Formal Certification and
Documentation Processes)

An evaporator produced by a non-OE supplier (or used by a vehicle manufacturer without formal certification and
documentation processes) may only be installed in vehicles, if the component shall fulfill the requirements described in this
standard. Compliance to this standard shall be certified and documented as described below.

Certification of R-1234yf and R-744 evaporators from non-original equipment manufacturers shall meet the requirements of

SAE J2911.
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This SAE J2911 qualified institution shall issue a “Certificate of Conformity,” stating that the examined evaporator meets
the essential safety requirements covering design, manufacture, and testing; follows appropriate conformity assessment
procedures; and carries the necessary labels and other information. Details of the certificate are found in Appendix D.

4.3.1 Responsibility for Certification

The manufacturer shall supply documentation to SAE as described in SAE J2911 that includes the information listed in the
following sections. The manufacturer shall provide an appropriate number of evaporators that are representative of the
evaporator production being certified and the intended HVAC system.

4.3.2 Documentation 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.

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 designed appropriately for all vehicle operational conditions (AC on or off), as well as vehicle off
(storage and soak), as would be expected over the lifetime of a vehicle. The evaporator shall have appropriate corrosion
behavior and protection to meet this specification or the equivalent, based on evaporator field return data.

Evaporators as assembled in an HYAC module must include consideration of forces and torques from the assembly and
disassembly of attaching lines and components. Any attaching tubing/pipe or other components in the evaporator assembly
must withstand anticipated production, transport, and assembly forces on those components without degradation of the
refrigerant retention characteristics from those specified in this standard.

Any tubing or piping used in the assembly may be strengthened with brackets, connecting flanges, etc., to protect them
from potentially damaging mechanical loads resulting from assembly operations, handling, or transportation that would
degrade the refrigerant retention characteristic of the assembly. See 5.7 for the allowable leak rate of an evaporator
assembly.

Material composition should comply with local or national environmental rules and requirements (e.g., banned and regulated
substances). The materials for the evaporator shall be suitable for the maximum and minimum operating temperature and
pressure ranges listed in SAE J639.

Evaporator designs must have adequate material resistance to any chemical reactions with the refrigerant and lubricant
(including normal degradation of both over time) to meet this standard and shall be capable of operating without significant
degradation of the refrigerant retention characteristics from those specified in this standard under the anticipated working
temperature and pressure cycles, for the life of the vehicle. This includes exposure to a deep vacuum (for charge extraction

and filling). Documents
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The design specifications of the evaporator shall include considerations for changes in material properties due to aging
based upon assembly, shipping, expected usage, exposure to corrosion, and storage to achieve evaporator life targets.

If the evaporator or evaporator assembly, including mating or attaching parts, are assembled from different materials, then
galvanic corrosion must be considered in the validation/certification process.

5.1.2 Evaporator Manufacturing Requirements

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

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 ensure the following:

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

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

e All design and process critical characteristics shall be included in the quality control plan for the evaporator.

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 two 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 minute without rupture
or structural failure. Continue adding 0.1 MPa/s until the actual burst pressure is reached.

For R-1234yf MAC systems, increase the pressure 100 kPa/s up to 50% of the minimum burst pressure and afterwards by
10 kPa/s until the minimum burst pressure is achieved. The evaporator must hold this pressure for 1 minute without rupture
or structural failure. Continue adding 10 kPa/s until the actual burst pressure is reached.

The values obtained for burst pressures shall be recorded and documented.

As actual burst pressure is achieved, no fragmentation from the evaporator shall occur.

5.3 Fatigue Resistance Under Cycling Pressure

5.3.1 Requirements

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

The evaporator shall first be subjected to the Mechanical Structural Resistance test in 5.4. The evaporator shall be tested

to the following cycling requirement between lower and upper pressure, with a defined frequency, at a 60 °C working fluid
temperature.
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The fatigue resistance under cycling pressure shall be determined based on Weibull analysis. The reliability requirement is
95% with a confidence of 50%. Sample size and number of equivalent lives are dependent on the evaporator design and
shall be selected to demonstrate the aforementioned reliability requirements. Refer to VDA Band 3 for calculation methods.
The calculation is listed below:

C=1- Rnx(rva)b
where:

C = confidence

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 = measure of scattering of the failures (Weibull slope)

n = number of samples

Table 1 - Pressure cycling requirements

R-744 R-1234yf
Lower/Upper Pressure 5to 10 MPa (abs) 0.1 to 1 MPa (abs)
Number of Cycles
Equivalent 10 Years 130000 cycles 22000 cycles
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
1 3 4.50 99098
1 4 3.38 74324
1 5 2.70 59459
1 6 2.25 49549
2 3 2.12 46692
2 4 1.84 40437
2 5 1.64 36168
2 6 1.50 33016

5.3.2 Test Method

The pressure cycle test can follow a trapezoidal or sinusoidal pattern. Test fluid is a hydraulic oil or refrigerant oil at +60 °C
+ 5 K over the entire test time. This pressure cycle test shall be run until failure (release of hydraulic or refrigerant oil) for
new evaporator models. Once the Weibull slope is established, the equation in 5.3.1 can be used to determine the
appropriate amount of cycles for a given number of samples. If the required number of cycles is reached, a refrigerant leak
test shall be completed and passed (after the evaporator is cleaned) as described in 5.7.2.

5.4 Mechanical Structural Resistance

5.4.1 Requirements for the Structural Resistance of Tube Connections

Integrity of the tube or pipe connection to the evaporator core is essential to refrigerant retention. The appropriate resistance
of the tubes/pipes is tested by bending and rotating the connection tubes/pipes in one direction, followed by applying a
torque or force that returns them to the original location. After testing, a metallurgical check shall be performed to locate any

cracks that may have formed. The test is intended to be performed once. DOCU ments
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5.4.2 Test for Structural Resistance of Tube Connections

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.

b. 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.

c. 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.

d. Apply a torque equal to production assembly torque but not less than 5 N-m + 0.5 N-m to the tube in the direction of
expansion device assembly.

e. Apply a torque equal to the assembly torque, but not less than 5 N-m + 0.5 N-m, in the opposite direction of expansion
device assembly.

+7Z mm

| VS S SS |

Figure 1 - Multi-directional pipe bending for evaporator
5.4.3 Acceptance Criteria
The evaporator assembly must not leak (as described in 5.7.2) after performing test sequence a. through e. in 5.4.2. No

cracks should be initiated when analyzed by metallurgical inspection at the connection (brazed or other connection) of pipe
to the evaporator core.
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5.5 Structural Resistance to Corrosion
5.5.1 Requirements for Corrosion Resistance

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.

5.5.2 Corrosion Reliability Tests
5.5.2.1 Requirement for Evaporator Resistance to Corrosion
a. 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 earlier, original equipment manufacturers of evaporators can substitute corrosion test procedures based
on historical standards that show good correlation to field return data and meet the intent as mentioned above.

b. Initial Leak Rate

When tested to the loss of pressure integrity, the leak rate shall be less than 0.03 g/s at 0.55 MPa for R-1234yf and
0.1 g/s at 6.4 MPa for R-744, which are the practical values, given the nature of the corrosion test, judged to be
representative of a corrosion leak in the field. The leak rate after the corrosion testing shall be documented. The
corrosion test is also intended to reproduce a similar failure mode to that observed in the field.

5.5.2.2 HEREL (Heat Exchanger Reliability) Test
The HEREL test is intended to cover 10 years or 6000 working hours of usage in a moderately corrosive environment.
Original equipment manufacturers of evaporators can substitute corrosion test procedures based on historical standards

that give good correlation to field return data.

Optionally, if 10 years in a severe corrosive environment is desired, then the HEREL test run in conjunction with the HVAC
unit contamination test in 5.5.2.3 is recommended.

Table 3
Contamination Moderate
Recommendation (Central Europe) Severe
§5.5.2.3 Climate Climate
Requirement Not fulfilled 10 years N/A
Optional Fulfilled 10 years 10 years

See Appendix B for test condition details.
5.5.2.2.1 Corrosion Test Cycle Description and Solution Concentration

See Appendix B for test cycle and solution.
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