WORLDWIDE
ENGINEERING General Specification GMW14192

STANDARDS

Air Conditioning Condenser with Integrated Receiver/Dryer
HFC R134a and HFO 1234yf Product and
Test Procedure Specification

1 Introduction
Note: Nothing in this standard supercedes applicable laws and regulations.

Note: In the event of conflict between the English and domestic language, the English language shall take
precedence.

1.1 Purpose. This standard shall define the Design Validation (DV), Production Validation (PV), Post Validation
Audit (PVA), measurement conditions, performance requirements and the minimum durability specification
requirements for the Air Conditioning (A/C) condenser with integrated Receiver/Dryer (R/D) that is used in GM
automotive air conditioning systems with liquid and gaseous refrigerant. Air conditioning refrigerant system
connections shall be validated using GMW 15787 and be in accordance with GM specifications.

1.2 Applicability. This specification defines the testing requirements for validating a refrigerant condenser using
accelerated testing methods.

2 References
Note: Only the latest approved standards are applicable unless otherwise specified.
2.1 External Standards/Specifications.

ASTM D5035 ASTM G85A3 SAE J639 SAE J2297
ASTM E11 ISO 12103-1 SAE J1344

2.2 GM Standards/Specifications.

9985751 GMW8758 GMW15443 GMW 15787
9986181 GMW 14156 (ID) GMW 15531 GMW15920
GMW3059 GMW 14157 (ID) GMW15725 GMW16331
GMW3116 GMW14573 GMW15758 GMW 16846
GMW3600 GMW 14671 GMW15786 GMW17010

(ID) = This standard is limited to internal distribution within General Motors and shall not be distributed outside this company. Contact the
GM Lead Engineer for further instructions.

2.3 Additional References.
Note: The supplier will work with the responsible GM Engineer to comprehend these requirements.
e (CG2056 - Condenser GMW14192 ADVPR-Validation Cross Reference Index (VCRI) Chart.
e Arizona Test Dust, Powder Technology, Incorporated (PTI) Product Number 10152T.
e Component Data Standard (CDS).
e Engineering Drawings.
e GM1738 GM Packaging and Identification Requirements for Production Parts.
e Release drawing.
e Statement of Requirements (SOR), Appendices B, C2, G2, G3.
e Subsystem Technical Specification (SSTS).
o Testreport.
e Vehicle Technical Specification (VTS).
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2.3.1 GM Part Numbers.
88862657 88862658 9986319

3 Requirements

3.1 System/Subsystem/Component/Part Definition. All requirements of this specification shall be met in order
to demonstrate compliance with Design Validation (DV), Product Validation (PV) and Product Validation Audit
(PVA) evaluations.

3.1.1 Appearance. See 3.3.4 for other specific requirements. In addition, the appearance of the condenser shall
be submitted and agreed upon between the supplier, GM Design Release Engineer and GM Manufacturing. The
same document shall apply to all GM global production sites. The use of a boundary sample PowerPoint
document shall be prepared by the supplier. This document shall contain all cosmetic appearance variation(s)
such as "crazy fin", fin bunching, fin drop, braze frame marks, finger bent fins, and any other physical variance
acceptability. For example:

GM will accept no more than two (2) crazy fins per core, excluding the top and bottom fins. Maximum number of
crazy fins per core including the top and bottom fins is four (4): two (2) in the center of the core and one (1) on
both the top and bottom core cover.

A generic or specific picture (computer aided design (CAD) picture not permitted) must accompany each
variation showing the type of defect and any agreed upon variation. This document shall be created by the
supplier and submitted into a GM database with the agreed upon CG2056 Analysis/Development/Validation Plan
and Report (ADVP&R) (the supplier shall work with the GM Design Responsible Engineer to comprehend this
requirement). See 4.2. All appearance variations shall be cosmetic-only in nature and shall not result in the non-
conformance of the part to the requirements in this standard. Any part coming into a GM plant that varies from
this boundary sample document may be rejected at the plant’s discretion.

3.1.2 Content.

3.1.2.1 Physical Content. A typical A/C condenser consists of a core (channeled tube and louvered fins),
manifolds, receiver/dryer, inlet and outlet connection, A/C blocks and brackets to assemble it to a heat exchanger
or to the chassis, and in some cases there are jumper lines. The receiver/dryer shall include the desiccant bag,
according to ASTM D5035, or a robust cartridge design which will avoid desiccant contamination in the air
conditioning system, and the tracer dye detector. See Figure 1.
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Figure 1: Typical A/IC Condenser Assembly

3.1.2.2 Functional Content. The heat transfer is accomplished by passing high pressure refrigerant through the
condenser tubes and passing cool air through the condenser core. The refrigerant is cooled to a condensate
and liquefied. At the condenser exit, the refrigerant is mostly liquid, but still under high pressure.
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The condenser will have an integrated receiver/dryer. The function of the receiver/dryer is to store refrigerant in
liquid state to assure the evaporator will always have refrigerant available in the liquid state. The receiver/dryer
contains the desiccant bag, which absorbs any moisture which may have migrated into the system.

3.1.3 Ambient Environment. Unless otherwise specified, the standard ambient testing temperature
environment is defined as 23 °C £ 5 °C.

3.1.4 Interfaces. All subcomponents and interfaces that build up the condenser, including the upper assembly
level (if required), must be documented in a block diagram supporting the Design Failure Mode and Effects
Analysis (DFMEA), Process Failure Mode and Effects Analysis (PFMEA) and Design Review Based on Failure
Mode (DRBFM) as required.

3.1.5 Usage Definition. The passing of these test procedures permit the use of the part globally. If more than
one material supplier, or more than one toolset produce the same part in different regions, then a separate round
of validation testing shall occur. The supplier shall coordinate this activity with GM Engineering to determine the
level of testing required and any opportunities to combine testing.

3.1.6 Test Vehicle/Test Piece. All testing shall be performed on the condenser alone. However, the vibration
durability test and Noise and Vibration (N&V) test shall be tested with any and all components attached as it is
installed in the vehicle. This includes fan motor(s) and shroud assembly and attaching subcomponents like
Charged Air Cooler, Radiator, Low Temperature Radiator (LTR), Auxiliary Oil Cooler (AOC) and Isolators, etc.
The testing setup shall be approved by the GM Validation Engineer. The specified sample quantity shall be
agreed prior to testing in the ADVP&R plan. All subsystem components required for validation shall be provided
by GM.

3.1.7 Test Time. Total testing time shall be considered when planning delivery of parts to meet GM key dates
contained in the GM Global Vehicle Development Process (GVDP) schedule. It is highly recommended to give
a buffer of at least two weeks between test completion and the GM milestone when planning, due to an
unexpected failure where re-validation would be required. Following is an estimated plan of how long it takes to
validate and test one heat exchanger product or part number. Times may vary based on test cell availability and

capacity.
Calendar time: 35 days
Test hours: 1000 h

Coordination hours: 500 h

3.1.8 Test Required Information. The performance measurements and durability test results are to be
summarized and reported to GM on the Supplier Analysis/Development/Validation (ADV) plan, CG2056 (the
supplier shall work with the GM Design Responsible Engineer to comprehend this requirement). Full test reports
shall be available for viewing by GM personnel per GMW15920.

3.1.9 Personnel/Skills. The personnel and skill requirements are the responsibility of the supplier.

3.1.10 Testing Conditions. Refrigerant and oil used herein is defined as refrigerant Hydrofluorocarbon
(HFC) R134a (GM part specification: 9985751), Fluorinated Hydrocarbon (HFO) 1234yf (GM part number:
9986319), Polyalkylene Glycol (PAG) compressor oil (GM part specification: 9986181) and Polyolester (POE)
compressor oil (GM part number: United States 88862657/Canada 88862658).

Tests shall comprehend HFC R134a and HFO 1234yf refrigerants as well as PAG and POE compressor oils.
The acceptance requirements are identical for both HFC R134a and HFO 1234yf refrigerants with all
formulations of PAG and POE compressor oils. The exception will be heat transfer tests, where test conditions
are specific for every refrigerant type. Both mediums shall be tested and the results shall be provided in
Component Data Standard (CDS) format.

The vehicle assembly plant fill process is defined as pulling a vacuum of 26.7 mbar Hg (20 mmHg) in 20 s
(vacuum over the entire system, measured at the low side pressure port) and charging at a refrigerant flow rate
of 0.4536 kg/s, using the high side pressure port.

All validation and Production Part Approval Process (PPAP) documentation must indicate the type, manufacturer
of refrigerant, and oil used.

3.2 Product Characteristics.
3.2.1 Performance Requirements.
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3.2.1.1 Fixed-value Performance Testing Requirements.

3.2.1.1.1 Internal Cleanliness. The maximum residual material mass in the condenser with integrated
receiver/dryer shall not be >5 mg. No particle shall exceed 0.5 mm in any dimensional direction with the
exception of length which can be 1.4 mm maximum. No particle shall exceed 29 HB on Rockwell scale.

Note: Since some particles are too small to measure with a Brinell test, it is highly recommended to use Scanning
Electron Microscope (SEM) technology or equivalent to identify the particle’s composition and then look up the
hardness of the element.

For a mechanically attached condenser (non-brazed) with integrated receiver/dryer, it shall contain not > 10 ppm
free chlorides when tested per 4.4.1 Internal Cleanliness. This chloride portion of this testing is not required for
brazed condensers.

3.2.1.1.2 Internal Dryness. The condenser with integrated receiver/dryer shall contain no > 10 mg of water.
Desiccant shall contain no > 2% moisture per unit mass. Desiccant shall not be released into the system when
tested per 4.4.2 Internal Dryness.

3.2.1.1.3 Filtration Capacity. The screen and filter shall be a forced flow design and its area shall be application
specific. The condenser with integrated receiver/dryer shall pass no particles of debris > 180 ym (0.18 mm) in
any dimension. The condenser with integrated receiver/dryer shall guarantee that the filter is not too restrictive
when tested per 4.4.3.

Note: Mesh size classification 80 per ASTM E11 is recommended to meet this requirement. Deviations must be
approved by GM Engineering.

Condenser shall be tested for maximum pressure drop and heat transfer per 4.4.5. Only particles < 180 ym shall
be able to pass the component filter. No clogging of the component filter shall be exhibited. After the heat transfer
test, the 180 pm in-line filter from the test equipment, not the component, shall be examined, and no particles
shall be found in the filter.

3.2.1.1.4 Moisture Absorption. The water absorption percentage will be:

XH7 Desiccant: 15 g of H20/100 g dry desiccant minimum of usable water capacity (total has provision allowance
of 1.5 g of H20/100 g dry desiccant included).

When calculated as: (final weight - initial weight)/desiccant weight x 100 = usable water capacity when tested
per 4.4.4 Moisture Absorption.

3.2.1.1.5 Heat Transfer. All CDS data shall be confirmed and reported on the CDS. This includes heat
dissipation, air side pressure drop, and refrigerant pressure drop at the required conditions found in 4.4.5, as
well as mass and internal volume. The results shall be recorded in the release drawing notes as Key
Characteristics Designation System (KCDS) "Standard Product Characteristic Documentation Required <DR>"
requirements. Performance curves must meet Vehicle Technical Specification (VTS) and Subsystem Technical
Specification (SSTS) requirements when tested per 4.4.5 Heat Transfer.

If the Statement of Requirements (SOR) includes additional load points, beyond those specified in 4.4.5, include
those performance points in the CDS file submitted to GM.

3.2.1.1.6 Leakage Testing. A/C Condenser Assembly with integrated receiver/dryer shall exhibit a leakage
rate < 5.0 g/year for HFC R134a or HFO 1234yf refrigerant (maximum 2.32 x 10 standard cc/s for 100%
Helium) when tested per 4.4.6. This specification assumes "zero leakage" at the inlet/outlet plumbing
attachments for the purpose of demonstrating conformance to the requirement.

3.2.1.1.7 Internal Blockage. Pressure drop shall not be increased from maximum predicted CDS to assure
there is no internal blockage when tested per 4.4.7.

3.2.1.1.8 Vacuum Resistance. The pressure increase shall not exceed 5 kPa per minute when tested per 4.4.8.

3.2.1.1.9 Reverse Flow Resistance. The heat transfer test shall be run and shall not demonstrate blockage of
any type. Filtration requirements shall be met when tested per 4.4.9.

3.2.1.1.10 Tracer Dye. The wet or dry wafer contained in the integrated receiver/dryer shall meet the SAE J2297
standard when tested per 4.4.10.

3.2.1.1.11 High Pressure Test. The condenser with integrated receiver/dryer shall not lose any test fluid when
tested per 4.4.11.
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3.2.1.1.12 External Paint Test. When tested per 4.4.12, paint on condensers shall meet requirements indicated
in Section 3 of GMW14671. This requirement shall apply to painted surfaces only.

3.2.1.1.13 Stone Impact Performance. After being subjected to an Energy = 3 J, Condenser failure is
determined by a leak in one or more of the following, when tested per 4.4.13:

a. After pendulum hit an obvious open hole is created.
b. During leak test per 4.4.6.

3.2.1.1.14 External Corrosion Test. Sea Water Acetic Acid Test (SWAAT). After test: perform leak test,
maximum allowable leakage is 5 g/year helium. If the disposition of the condenser is such that it cannot be tested
per 4.4.6, then air under water testing may be used at 2000 kPag £ 5 kPag. A maximum 10% fin de-bonding over
the total core net is allowed. Photomicrographs are required to demonstrate that corrosion mechanism; zinc
diffusion layer, dense precipitant band, is not compromised on the tubes.

3.2.1.1.15 Condenser Plastic Grill Protector. Plastic protector screen must meet the GMW15725
requirements. The condenser and plastic protector screen as an assembly shall pass vibration testing
requirements in 3.2.1.2.3.

To avoid having a plastic grille protector, the supplier shall choose a robust condenser tube with either an
extruded bull nose or a folded tube and pass the stone impact resistance test in 4.4.13.

3.2.1.2 Endurance Tests.

3.2.1.2.1 Thermal Cycle Durability Test. The condenser with integrated receiver/dryer shall not lose any test
fluid when tested per 4.4.16. After completion of 4.4.16, if the disposition of the condenser is such that it cannot
be tested per 4.4.6, then air under water testing may be used at 2000 kPag £+ 5 kPag.

For mechanically attached condensers only - a maximum heat transfer degradation of 3% is allowed from the
initial value. The heat transfer portion of this testing is not required for brazed condensers.

3.2:1.2.2 Pressure Cycle Durability Test. The condenser with integrated receiver/dryer shall not lose any test

fluid when tested per 4.4.17. After completion of 4.4.17, if the disposition of the condenser is such that it cannot
be tested per 4.4.6, then air under water testing may be used at 2000 kPag + 5 kPag.

For mechanically attached condensers only - a maximum heat transfer degradation of 3% is allowed from the
initial value. The heat transfer portion of this testing is not required for brazed condensers.

3.2.1.2.3 Vibration Durability Test. Test the condenser with integrated receiver/dryer as described in 4.4.18,
the condenser shall pass leak test 4.4.6 before and after test. The condenser shall not lose any test fluid. After
each test, the condenser shall be able to function 100% without leaking. Failure is defined as, but not limited to,
the loss of function, loss of structure, unacceptable performance degradation, and nonconformance of the
component as stated in this specification. No fractures shall appear in any mounting brackets. No tears shall
appear in any isolators.

The integrated receiver/dryer shall be sectioned to verify integrity of the desiccant bag and other internal
components are not damaged. Post-test inspection results shall be included in the detailed test report.

3.2.1.3 Vehicle Validation. Vehicle level testing will be completed by GM. If the GM Engineer supplies the
condenser back to the supplier (post-test), the condenser shall pass Leak Test (4.4.6). The testing includes, but
is not limited to, the following tests:

3.2.1.3.1 General Durability with Corrosion. When vehicle validation test is completed in 4.4.19, the
Condenser Radiator Fan Module (CRFM) components must not result in customer complaint.

3.2.2 Physical Characteristics.

3.2.2.1 Dimensions and Capacity. The dimensions, mass, and internal volume of the condenser and the
Condenser Radiator Fan Module (CRFM) shall meet all drawing specifications. This shall be proven statistically
with a multi-part layout at DV and PV according to the ADV plan.

3.2.2.2 Mass Properties. The program mass targets provided in the CDS must be met and confirmed before
testing can begin.

3.2.3 Reliability.
3.2.3.1 Reliability Evaluation Point. This specification, as written, provides a test exposure representing a

Reliability Evaluation Point (REP) of 15 years of corrosion and 241 500 km (150 000 mi) of severe customer
usage at the vehicle level. For a REP of 200 000 mi, multiply the test cycles for endurance tests by 1.33.
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3.2.3.2 Reliability Requirements.

This standard, as written, supports demonstration of the required reliability of 99.0% or greater at a 50%
confidence (R99C50) at the REP for the heat exchanger when tested in a component test. The supplier shall
utilize "vehicle equivalent" laboratory test setups to simulate "in vehicle" orientations. If the orientation may be
different from vehicle to vehicle, use the orientation which will provide the worst case loads, for all physical level
reliability demonstration testing.

For definition of reliability, reference GMW 14156 Test Reliability Requirements Guidelines, and GMW 14157
Statistical Confidence Level for Reliability Validation Testing.

The Reliability Demonstration is provided by the Design Validation (DV) Endurance Tests. In contrast to DV, the

Endurance Tests specified for Product Validation (PV) are intended to confirm the reliability demonstrated during
PV of components manufactured from high volume tooling and at all manufacturing sites.

3.2.3.3 Accelerated Test Methods. GM encourages the use of appropriate accelerated test methods, wherever
possible. For example, the use of accelerated stress testing to reduce test time (GMW8758 Calibrated
Accelerated Life Testing).

Note: GM Validation Engineering shall review and accept Reliability demonstration test plans prior to the supplier
submitting the ADV Test Plan for approval.

3.2.4 Serviceability. The condenser with integrated receiver/dryer shall be serviceable allowing access to the
filter and desiccant bag through the receiver/dryer canister. The service shall be made by removal of a plug
(fixed by retaining ring or similar mechanism) which seals against receiver/dryer tubular housing
through 2 rounded O-ring sealing. GM Engineering must sign off on non-serviceable condenser designs.

All serviceable parts shall be able to be disassembled within the assembly (if required) and returned without
showing signs of degradation. For example, a screw into a plastic tank boss shall be able to disassemble and
reassemble without losing thread engagement. Plastic clips must be able to return to their "before" and "after"
positions without cracks or breakage. GM’s requirement is that the part must be able to be disassembled and
reassembled at least 10 times without damage. The supplier must demonstrate by test, using real or surrogate
data, that the design can withstand re-use without breakage. The supplier must choose the right design, torque,
and consider all other factors that might influence serviceability. In-vehicle serviceability to be approved by GM
Service Engineer prior to first design freeze.

Service parts shall be adequately protected to ensure satisfactory assemblies after a storage period of five years
beyond the date of shipment from the manufacturer’s plant.

3.2.5 User System/Subsystem/Component/Part Interface. Not applicable.
3.3 Design and Construction.
3.3.1 Materials, Processes and Parts Selection Guidelines.

3.3.1.1 Material Guidelines. Elastomeric and aluminum materials supplied under this specification must be
homogeneous, free of defects and surface contamination such as bloom, talc, mold release agents, and flash.
Machine surface finish must be measured on a 30 part layout and be according to drawing specification. See
SOR for drawing guidelines on A/C connections.

3.3.1.1.1 Material Compatibility. The Condenser shall be compatible with HFC R134a and HFO 1234yf
refrigerants; and PAG and POE compressor oils.

Note: Pre-lube with mineral oil is not permitted for any type of Ethylene Propylene Diene Monomer (EPDM)
seals.

3.3.1.2 Processes Guidelines. Not applicable.
3.3.1.3 Parts Guidelines. Not applicable.

3.3.1.4 Recycling Guidelines. Materials shall be recyclable per GMW3116 (Recyclability/Recoverability).
Attempts shall be made to minimize the variety of materials used to make recycling more viable. All plastic parts
shall be identified for recycling per SAE J1344.

3.3.2 Design Guidelines and Constraints.

3.3.2.1 Drawing Requirements. A/C condenser assemblies supplied under this specification must conform to
the detailed drawing approved by Design Release Engineer (DRE).
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