WORLDWIDE
ENGINEERING General Specification GMW14322

STANDARDS

Heater Core

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. The standard shall define the Design Validation (DV), Production Validation (PV), Post-validation
Audit (PVA), measurement conditions, performance requirements, and the minimum durability specification
requirements of various forms of coolant to air heat exchangers used for cabin heating.

1.2 Applicability. All passenger vehicles using coolant to air heat exchangers used for cabin heating.
1.3 Remarks. Not applicable.

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

ASTM D1384 ASTM D2570 ASTM D3306 ASTM G85-A3
2.2 GM Standards/Specifications.

GMW3059 GMW3600 GMW14718

GMW3172 GMW14156 (ID) GMW14780

GMW3205 GMW14157 (ID) GMW15290

(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.
e Analysis Development Validation (ADV) Problem and Resolution.

e (CG2064, Heater Core Analysis Development Validation (ADV) Problem and Resolution (ADVPR). The
supplier shall work with the GM Design Responsible Engineer to comprehend this requirement.

e CTS.

e Design Review Based on Test Result.
e Quality assurance report.

e SOR.

e SSTS.

e Testreport.

¢ Validation Cross Reference Index.

e Validation report.

3 Test Preparation and Evaluation
3.1 Resources.
3.1.1 Facilities.

3.1.1.1 Calibration. The test facilities and equipment shall be in good working order and shall have a valid
calibration label.
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3.1.1.2 Alternatives. Alternative test facilities and equipment may also be used. However, all measuring
variables as specified in this standard shall be determined correctly with respect to their physical definition.

Alternatives require prior approval from the GM Validation Engineer.
3.1.2 Equipment. Not applicable.

3.1.3 Test Vehicle/Test Piece. Test Piece. If not otherwise specified, test samples shall include production
pipes and/or hoses with production intent attachment methods. The core and plumbing shall be oriented as in
the vehicle application. The plumbing connections shall be evaluated concurrently with the heater core.

3.1.4 Test Time. Total testing time should 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 leave
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: 105 days
Test hours: 3000 h
Coordination hours: 500 h

3.1.5 Test Required Information. Not applicable.

3.1.6 Personnel/Skills. The personnel and skill requirements are the responsibility of the supplier.
3.2 Preparation. Not applicable.

3.3 Conditions.

3.3.1 Environmental Conditions. Unless otherwise specified, the standard ambient testing temperature
environment is defined as 23 ‘C £ 5 K.

3.3.2 Test Conditions. Deviations from the requirements of this standard shall have been agreed upon. Such
requirements shall be specified on component drawings, test certificates, reports, etc.

3.4 Instructions. Not applicable.
3.5 Data.

3.5.1 Supplier to statistically demonstrate reliability for Design Validation (DV) and Production Validation (PV)
separately (see GMW3600). Reliability shall be at 50% confidence level at the Reliability Evaluation Point (REP)
for the tests described in this document (see GMW14156 Test Reliability Requirements Guidelines and
GMW14157 Statistical Confidence Level for Reliability Validation Testing). The supplier shall set up samples
"in vehicle" orientations for all testing. See 4.10, 4.11, and 4.13 for testing which involves reliability.

If any failure occurs in the 1%t life of customer usage, stop the entire test. Within 24 h, inform and involve GM
team (Validation, Design Engineer, etc.) in completing a Design Review Based on Test Result (DRBTR) and
root cause analysis. Plot the Weibull slope, calculate reliability and submit the report to GM. Re-design the
part/product as required and perform validation per Analysis Development Validation (ADV) Problem and
Resolution (ADVPR). If reliability is not met, determine the number of samples required for retest with approval
from GM Validation Engineer.

3.6 Safety. This standard may involve hazardous materials, operations, and equipment. This standard does not
propose to address all the safety problems associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use.

3.7 Documentation. Samples of components or material released to this standard shall be tested for conformity
with the requirements of this standard and approved by the responsible GM Department prior to the start of
delivery of production level components or materials.

Any change to the component or material, e.g., design, function, properties, manufacturing process and/or
location of manufacture requires a new release of the product. It is the sole responsibility of the supplier to
provide the customer, unsolicited, with documentation of any change or modification to the product/process, and
to apply for a new release.
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If not otherwise agreed to, the entire verification test shall be repeated and documented by the supplier prior to
start of delivery of the modified or changed product. In some cases, a shorter test can be agreed to between the
responsible GM department and the supplier.

3.7.1 Test Results. The performance measurements and durability test results are to be summarized and
reported to GM on the supplier Analysis/Development/Validation (ADV) plan, as referenced in the SOR. Full test
reports shall be made available for viewing for GM per GMW15290.

3.7.2 Validation Cross Reference Index. The Validation Cross Reference Index (VCRI) is a matrix that GM
uses to link each technical requirement for a commodity to its corresponding final validation procedure. The
validation procedures that are specified in the VCRI shall be used for the final confirmation that the
component/subsystem meets all the requirements in the technical specification. Supplier shall use the Test
Matrix Format outlined in the VCRI, CG2064 Heater Core ADVPR, provided in the SOR to generate the VCRI
for the CTS/Subsystem Technical Specification (SSTS) (the supplier shall work with the GM Design Responsible
Engineer to comprehend this requirement).

4 Requirements and Procedure

4.1 General. Heater cores must fulfill the requirements according to the HYAC Module Subsystem Technical
Specification (SSTS). See Validation Cross Reference Index (VCRI) table in the SOR for DV and PV tests and
sample sizes.

Except as noted, all performance and durability testing shall be performed using a mixture of 50% Water and
50% Dex-Cool ® as coolant in the test. This mixture will be referred to as "coolant" throughout this document.
Water is defined as clean, potable water per the recommended limits specified in ASTM D3306.

4.2 Performance Measurement. The heat dissipation, air pressure drop and liquid pressure drop shall be
measured to the full matrix of conditions listed in 4.2.1. Samples used for heat dissipation reporting shall be
high-limit samples from 4.5.

4.2.1 Test Conditions.
Coolant Flow Inlet Conditions:
e At90°Cx0.5K:
¢ Flow rates (L/minute): 2.0, 5.0, 10.0, 25.0, 50.0, and 75.0 (* 0.5 L/minute for all).
e At25°C+0.5K (collect liquid pressure drop data only):
e Flow rates (L/minute): 2.0, 25.0, and 75.0 (x 0.5 L/minute for all).
Airflow Inlet Conditions:
e At-20°C+0.5K:
e 0.3 m¥minute, 1.5 m3minute, 2.7 m3minute, 3.9 m3minute, 5.1 m3minute, 6.3 m3minute
(£ 0.2 m3/minute for all).

4.2.2 Documentation. The heat dissipation rate, air pressure drop and coolant pressure drop at the required
conditions noted in the SSTS shall be reported and recorded in the release drawing notes as Critical Key
Characteristic (CKC) requirements.

All data points shall be submitted via Component Data Standards (CDS) to GM. Comprehensive CDS data must
be submitted and approved after the tests have been performed before final Production Parts Approval Process
(PPAP) can be approved. All data points must be experimentally measured for initial PV testing. For early
development, DV testing, and change point validation, the amount of data points that are simulated and
experimentally measured must be agreed upon with the GM Computer-Aided Engineering (CAE) Engineer. The
simulated data points may only be used if prior correlation between simulation data and experimental data
studies have shown to be acceptable to the GM Validation Engineer.

4.3 Odor Test. The exterior surfaces of the heater core must fulfill the requirements to GMW3205 Rating 6
minimum (no objectionable odor permitted). If flux residue, manufacturing oil residue, part wash water, coatings,
or any other surface material may be present on the final heater core, this material must be present during the
test.

4.4 Tightness. The heater core and assembled connections must be tight. For verification the heater core shall
be charged with air at a static pressure of 320 kPa + 5 kPa gauge. No air bubbles may occur when the assembly
is submerged in a 40 °C = 3 K water bath for one (1) minute.
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4.5 Internal Tightness. To verify internal tightness between coolant inlet and outlet of the heater core and
assembled connections, the test sample shall be installed in a test setup as described in Appendix A, Figure Al.
The inlet pipe of the heater core shall be connected to the reservoir (volume approximately 3 L). The reservoir
shall be filled with water up to the overflow outlet (at approximately % of its height). Within the test period of
one (1) minute, < 200 ml of water may drop out of the heater core outlet. High limit internal leakage cores shall
be used for SSTS heat dissipation testing. A deviation to this specification is not required when limit samples
(components with high internal leakage) meet program SSTS heat dissipation requirements and a report is
issued to GM with supporting data.

4.6 Tightness under Vacuum. The heater core and assembled connections shall provide sufficient strength
and tightness under vacuum. The assembly shall be exposed for three (3) minutes to an internal static pressure
of -100 kPa gauge. Following this test the assembly must fulfill the requirements according to 4.4.

4.7 Internal Cleanliness. The internal parts of the heater core and pipes shall be clean and free of all
contamination that could impair the operation and/or the performance of the heater or contribute contamination
of the coolant system including but limited to metal particles and chips, dust, dirt, flux flakes and residue, and
manufacturing debris and oils.

4.7.1 Internal Cleanliness Test Procedure. All glassware and test surfaces must be clean and free of debris.
Place the heater cores in a drying oven at 100 °C for 15 minutes. Remove the heater cores and allow to cool.
Place 0.5 p membrane filter paper on analytical scale and measure weight to nearest 0.1 mg. Place filter into
vacuum filtering assembly.

Perform this test on one heater core at a time. Fill the heater core with enough solvent (i.e., methanol or acetone)
to fill half of the internal volume. Cap and seal the core pipes. Tip and agitate the heater core back and forth for
two (2) minutes, ensuring to flush all internal surfaces, including pipes. Immediately pour contents of heater core
into a graduated cylinder, ensuring to collect at least 95% of original liquid volume. Filter the solvent through a
vacuum filtering assembly using the previously weighed filter paper. Dry the filter paper in a dry off oven. Weigh
the dried filter paper.

The heater shall not contain > 0.08 g/L of debris per internal volume. No single piece of debris shall be larger in
any direction than the smallest internal dimension of the heater tubes (e.g., if the internal dimension of the tubes
are 20 mm x 0.85 mm, no single piece of debris shall be > 0.85 mm in any dimension). If the dimensions of the
internal flow paths within the heater core are all > 1.0 mm, no single piece of debris shall be > 1.0 mm in any
dimension.

4.8 Strength Including Pipes. The heater core and its connecting pipes must be designed to provide adequate
strength to withstand all requirements of transportation, vehicle installation and vehicle application. GMW 14718
provides pipe requirements.

4.9 Tube to Fin Bonding. To determine bond count, count every convolution that is supposed to braze to the
tube surface. If the fin is bonded to %2 of the width of the tube or less, it counts as a whole loss. If the fin is bonded
to less than the whole width but more than % of the tube width, it counts as half of a loss. Sum the total losses
and divide by the number of expected convolutions to determine tube and core bond percentage. The fin to tube
bonding integrity must be maintained evenly over at least 95% of the entire core and at least 90% on any given
tube surface. No more than three (3) convolutions in a row can have unbonded portions.

4.10 Temperature Cycle Test. The heater core and assembled connections shall be resistant against
temperature cycles. The assembly shall be mounted in a test stand and tested according to the following
conditions:

e 120 s of coolant flowat0 °C =2 K

Then change within 30 s to

e 120 s of coolant flow at 100 °C £+ 2 K

e Flow rate during two (2) minute soak: 15 L/minute = 1 L/minute

e Maximum pressure at the heater core not to exceed 160 kPa gauge
See Figure 1 for a typical Temperature Cycle curve.
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