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1. SCOPE* 

The procedures contained in this specification cover the laboratory testing of miniature incandescent bulbs for use in 
automotive illumination and signaling applications.  The following tests shall be run whenever the following occurs: 
 
• New bulb design 
• Design or process change made to an existing bulb, which could affect the outcome of the test. 
• The completion of one calendar year as noted in the following Test Schedule Table.  Process control data is 

acceptable. 
 

Test Schedule Table 
 

Test Title Yearly 
Physical Dimensions X 
Mean Spherical Candela X 
External Visual Examination X 
Crush  X 
Thermal Shock  X 
Bayonet Base Retention X 
Pin Removal  X 
Wedge Base Retention X 
Lead Wire Bend  X 
Lead Wire Pull  X 
Natural Amber Color  X 
Coated Amber Color  
• Integrated Color 
• Visual Color  
• Point Color  
• Color Maintenance and Coating Durability  
• Amber Coating Chemical Resistance  

 
X 
X 
X 

Resonant Frequency   
Aged Resonant Frequency   
Salt Spray   
Wire Loop Pull  X 
Outgassing/Heat   
Laboratory Life  
Accelerated Life X 
Luminous Intensity Maintenance  X 
Vibration Durability   
Shock   
Aged Vibration Durability   
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2. REFERENCE STANDARDS 
 
• Chrysler, Ford, and General Motors Advanced Product Quality Planning and Control Plan Reference Manual 
•  Measurement Systems Analysis Reference Manual (AIAG) 
•  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) 
• Chrysler, Ford, and General Motors Production Part Approval Process Manual 
•  ANSI (C78.390) 
• ASTM B 117 (Standard Practice for Operating Salt Spray [Fog] Testing Apparatus) 
• Chrysler, Ford, and General Motors Quality System Requirements⎯QS-9000 Manual 
•  SAE J573, Miniature Lamp Bulbs  
•  SAE J1330, Photometry Laboratory Accuracy Guidelines 
•  SAE J578, Color Specification 

Unless otherwise specified or required by law, suppliers should use the most recent versions of any applicable reference 
documents or standards.  

3. GENERAL REQUIREMENTS 

3.1 Record Retention 

Supplier must maintain a file for the storage of laboratory reports and calibration records, and establish a record retention 
policy concerning these records.  These records need not follow a standard format but must present the required data in 
an orderly professional manner.  The file must be made available to any and all PPAP approver personnel upon request, 
including⎯but not limited to representatives from the following functions:  product engineering, purchasing, quality, and 
reliability. 

3.1.1 Objectives of Record Retention 

The following are the main objectives for retention of test documents or records: 
 
1. Retain records that will evidence compliance so that the supplier can appropriately respond when or if product 

compliance is challenged.  Files must exist for the storage of all laboratory records, data, and calibration records.  The 
files must be available at any time for audit or inspection. 

2. Retain records as needed to assist in evidencing the exercise of “due care” in matters relating to product compliance, 
government requirements, or product liability. 

3. Comply with statutory requirements for the maintenance and retention of specific records. 

3.1.2 Retention Methods 

Methods of retention may include retention of original documents, the use of film, or electronic storage equipment.  Store 
records so that they are accessible in a reasonable amount of time.  Storage areas should provide adequate protection 
from unauthorized access, moisture, and fire. 
 

3.2 Sample Documentations and Retention* 

Engineering test samples must be identified by ANSI Trade Number and serial number unless otherwise noted.  
Documentation must identify the type of test performed and describe special tests that are not a part of this specification.   

3.2.1 Required Data Package 

Supplier must submit the data package for the appropriate level of submission to the PPAP approver’s responsible 
engineer and purchasing division for approval signatures. 
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3.2.2 Sample Selection 

Test bulbs referenced in this specification are to be selected from the same "Test Lot".  The minimum “Test Lot” is defined 
as one hour of production.  Test bulbs are to be subjected to production intent processing, including final packaging. 

NOTE: A test sample size of 10 would consist of one sample piece being removed from the test lot, every six minutes of 
production, for a one- hour production run.  It is important that the test samples be identified as to location, within 
the test lot, throughout all testing.  

3.2.3 Sample Retention 

Samples tested to attain part approval must be retained by the bulb manufacturer for a period of time specified in the 
PPAP Manual. 

3.3 Power Sources 

Supplier must use voltage regulated direct current (DC) power sources for all tests to simulate an automotive battery and 
charging system. 

3.3.1 Output Current 

The power source must be capable of supplying a continuous output current as required by the design loads, including 
inrush current.  Where required to simulate automotive inrush current conditions, an automotive battery or batteries with 
sufficient cold cranking amps may be connected in parallel with the power supply. 

3.3.2 Output Voltage 

The power source must be capable of supplying an output voltage that must not deviate more than 1.0 volt from the 
nominal setting over the entire load range (including surges).  The power source must recover 63% of its maximum 
excursion within 5.0 milliseconds.  Ripple voltage must not exceed 300 mV peak to peak. 

Power supplies used for photometric measurements must conform to SAE J1330. 

3.4 Equipment Tolerances 

Supplier must use test setups and equipment capable of measuring test parameters (expressed in nominals) within the 
limits found in the Equipment Tolerances Table. 
 

Equipment Tolerances Table 
 

Test Chamber Temperature nominal ± 3°C 
Time nominal ± 0.5% 
Forces nominal ± 0.01 N 
Distances nominal ± 0.01 mm 
Voltages nominal ± 0.01 V for photometrics 
 nominal ± 0.1 V for all other tests 
Mean Spherical Candela nominal ± 2.0% 

NOTE: Not to be used for performance dependent variable (see Measurement Accuracy section). 
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3.5 Measurement Accuracy 

Meters and gages used to assess the performance dependent variable, as defined by the basic function of the test 
sample, must be capable of measuring to one count less than the specified value.  For example, even though a 0.1 mm 
and 0.10 mm wire might be the same diameter, calipers capable of 0.01 mm resolution may be used to measure the first 
wire, but a micrometer with 0.001 mm resolution is needed for the second wire. 

3.6 Test Repeatability and Calibration 

3.6.1 Equipment Repeatability 

All measurement equipment used for product evaluation must be repeatable to within 20% of the part tolerance according 
to Chrysler, Ford, and General Motors Measurement Systems Analysis Reference Manual (AIAG).   

3.6.2 Equipment Calibration 

Equipment used for measurement or verification of measurement must be periodically calibrated to known standards.  
Calibration interval must be consistent with industry practices but may not be more than 18 months. 

3.6.3 Laboratory Masters 

Bulbs which are traceable to known standards are laboratory masters.  Each supplier must use laboratory masters for 
comparison measurements, calibration of test equipment, and for evaluating long-term drift in test equipment. 

3.7 Test Default Conditions* 

When specific test conditions are not given, the following basic conditions apply: 
 
• Test the bulb with the base and filament parallel to the direction of excitation as shown in figure Filament Orientation. 
• Perform tests or measurements at the following ambient conditions:  

 
Room Temperature .......................... ≥ 20°C 
Atmospheric Pressure ...................... 650 − 800 mm Mercury 
 

• Conduct tests or measurements using the bulbs design voltage as published by the American National Standards 
Institute, Inc., (ANSI) in Special Report 25, ANSI Assigned Miniature Lamp Codes. 

• Season the bulbs for 1% of the average life, 10 hours maximum at design voltage, or an equivalent period at a higher 
(forced) voltage as defined in Accelerated Life section.  Note the seasoning method used on the test report. 

• Whenever bulbs are operated at higher than design voltages, switch them on at their design voltage for at least 50 
milliseconds and then step up to the appropriate design voltage.  This will limit the inrush current to the design level. 

3.8 Test Sharing Within Bulb Families 

The results of tests performed on one bulb type may, in some cases, be used to indicate the capability of another bulb 
type within the same bulb family.  For example, a crush test performed on a clear, S-8 wedge bulb type may be used as a 
demonstration of the glass strength of all clear, S-8 wedge bulb types made by the same process from the same glass 
from the same source.  Sound judgment must guide this practice.  Bulbs within the same bulb family that share 
components such as glass envelopes, lead wires, filaments, bases, fill gases, etc., may be able to share test results.  The 
PPAP approver will be the final authority on whether this surrogate data may be used. 

3.9 Test Failure Procedure 

Should a test fail, contact the requesting party to determine if the test is to be continued to gain additional product 
experience or if testing is to be suspended.  When contact cannot be immediately made, stop the test until the requesting 
party can be contacted. 
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3.10 Control Plans* 

Supplier must maintain a control plan, consistent with Chrysler, Ford, and General Motors Advanced Product Quality 
Planning and Control Plan Reference Manual, for each bulb type (or bulb family), that contains appropriate controls to 
ensure that all the significant/critical characteristics covered by the tests in this specification are met. 

3.11 Reliability Programs and Methods 

3.11.1 Reliability Growth and Ongoing Quality Improvements 

Bulb suppliers must establish and implement a plan to improve demonstrated product quality and reliability.  They must 
establish procedures for analyzing and correcting end-of-line defects and predominant failure modes identified by the field 
return program.  True reliability growth occurs when design changes to the bulb or manufacturing process are made to 
eliminate the failure modes. 

3.11.2 Notification of Process Changes 

Suppliers must notify the PPAP approver of manufacturing process, material, or design changes to determine if 
resubmission for PPAP approval is required. 

3.11.3 Quality/Reliability Improvement Tools 

Suppliers must use appropriate methods to improve the quality and reliability of their products in accordance with 
QS-9000.  Examples of such methods are Field Return Programs, Design Failure Mode Effects Analysis (DFMEA), 
Process Failure Mode Effects Analysis (PFMEA), and Fault Tree Analysis (FTA) or Fishbone Diagrams.  Further 
information on these methods is available from the Automotive Industry Action Group (AIAG). 

3.12 Hazardous Material Restriction 

Any regulated substance that is identified by any federal, state, provincial, or local government unit or automotive 
manufacturer, shall not be used in the manufacturing process of any bulb.   

Any bulb manufacturer that is currently supplying hazardous material in a component will submit a timeline to General 
Motors, Ford, and Chrysler for the removal of said product.  Interim approvals for bulbs will be handled on an individual 
basis designated by the individual automotive manufacturer.  (Changed Paragraphs) 

4. PHYSICAL PERFORMANCE 

These tests are intended to measure the innate characteristics of the bulbs.  All data must be recorded according to 
Record Retention section. 

4.1 Physical Dimensions 

The purpose of this examination is to verify all of the physical dimensions of the bulb. 

4.1.1 Test and Measurement Apparatus 

The equipment used for this examination must be capable of determining the actual dimensions within the tolerance limits 
specified in Measurement Accuracy section.  This equipment typically includes micrometers, calipers, gages, and optical 
profile projectors. 

4.1.2 Procedure 
 
1. Supplier must measure a minimum of 10 bulbs chosen per description in Sample Selection section.   
2. Record the data according to Record Retention section.  
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4.1.3 Acceptance Criteria 

Any bulb with a dimension(s) outside the specified limits constitutes a failure. 

NOTE: Light Center Length (LCL)  

LCL is measured from the geometric center of the light source to a reference point on the bulb base (Ref. SAE J573, IEC 
60061).  The base reference points for the two most common types of automotive bulbs are as follows: 
 
• Bayonet Base ...................... top of base reference pins 
• Wedge Base ........................ center of notch 

Control of the LCL is required to ensure consistent and uniform light output from the various bulb applications on the 
vehicle. 

4.2 Mean Spherical Candela 

4.2.1 Test and Measurement Apparatus 

An integrating optical sphere with the appropriate power supply, optical detector, photometer, and traceable standard light 
source are required.  The following test equipment or equivalent is recommended: 

 
Mean Spherical Candela Table 

 
Equipment Model No. 
20-inch Hoffman Integrating Sphere IS-20-PS 
Hoffman Photodetector 85-P 
Hoffman System Photometer TSP-83-A 

4.2.2 Procedure 
 
1. Select 10 bulbs chosen per the Sample Selection section.   
2. Season the bulbs as described in Test Default Conditions section. 
3. Measure the MSCP at design voltage in a properly calibrated photometer in accordance with accepted photometric 

procedures. 

4.2.3 Acceptance Criteria 

Any bulb with a MSCD or current value outside the specification limits constitutes a failure. 

4.3 External Visual Examination 

The purpose of this examination is to verify that the materials, design, construction, markings, and workmanship of the 
bulb are in accordance with the product design specification.  Record the data according to Record Retention section. 

4.3.1 Test and Measurement Apparatus 

Use optical equipment having magnification capability of ≥ 1.5X. 

4.3.2 Procedure 
 
1. Select 10 bulbs per Sample Selection section. 
2. Examine selected bulbs using the appropriate magnification device. 
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4.3.3 Acceptance Criteria 
 
1. Bulb design, identification, or markings (content, placement, and legibility) shall be in accordance with the applicable 

specification. 
2. There shall be no visible evidence of corrosion, contamination, breakage (including grossly bent or broken lead 

wires), defective, or damaged plating (peeling, flaking, or blistering), or exposed base metal 
3. External wires shall be intact and aligned in their specified location and not exhibit sharp or unspecified bends 
4. External wires shall be free of foreign material such as paint or other permanently adherent deposits 
5. There shall be no evidence of any nonconformance with the applicable product design specification or absence of 

any required feature 
6. There shall be no evidence of defects or damage resulting from manufacturing, handling, testing, or shipping that 

might impair the performance of the bulb 
7. There shall be no fractured glass. 
8. There shall be no glass missing from the press area of a wedge bulb, even if it does not affect the seal of the bulb  
9 “Flash” on glass or plastic parts shall not exceed 0.20 mm unless otherwise noted. 

4.4 Crush Strength 

This test is intended to verify that the glass envelope of the bulb is strong enough to withstand normal handling and 
insertion operations.   

4.4.1 Test and Measurement Apparatus 

Use the following equipment, or equivalent, for the crush test: 
 

Crush Table 
 

Equipment Model 
Chatillon Universal Test Stand UTSE-2 
Load Cell 550 lbs. 
Crush Fixture figure Crush Test Fixtures 

4.4.2 Procedure 
 
1. Test a total of 50 bulbs selected per the Sample Selection section. 
2. Place a test bulb in the appropriate crush fixture (see examples in figure Crush Test Fixtures).   
3. Center the test bulb under the ram, start the ram down at 32 mm/min ± 5% (1.25 in./min) and record the force, in 

newtons, required to break the glass.   
4. Record the data according to Record Retention section. 
5. Repeat for each of the 50 test samples. 

4.4.3 Acceptance Criteria 

The criteria for the 50-bulb sample are as follows: 
 
1. Bulb types ≥ 16mm (5/8inch) in maximum diameter 

a. Zero bulbs broken at less than 110 N (24.7 lbs) 
b. A maximum of 5 bulbs broken at less than 155 N (34.8 lbs) 

2. Bulb types < 16mm (< 5/8inch) in maximum diameter and > 5mm (> 3/16inch) 
a. Zero bulbs broken at less than 75 N (16.9 lbs) 
b. A maximum of 5 bulbs broken at less than 100 N (22.5 lbs) 

3. Bulb types ≥ 5mm (3/16inch) in maximum diameter 
a. Zero bulbs broken at less than 35 N (7.9 lbs) 
b. A maximum of 5 bulbs broken at less than 50 N (11.2 lbs) 
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4.5 Thermal Shock 

Stresses are produced in the glass of a bulb during the manufacturing process.  The location and magnitude of these 
stresses affect the strength of the glass envelope.  This test is intended to expose excess stresses remaining in the glass 
after the manufacturing process is complete.  

4.5.1 Test and Measurement Apparatus 
 
• 10x magnifier 
• Hot and cold medium with temperature differential of 96°C minimum. 

4.5.2 Procedure 
 
1. Test a total of 10 room-temperature bulbs selected from the lot being tested.  
2.  Submerge the , bulbs in a hot liquid or hot solid medium (sand) for 10 minutes.   
3. Remove the bulbs from the hot medium, and immediately submerge the samples for 1 minute in a cold liquid medium. 
4. Allow bulbs to dry and hold at room temperature for 5 days. 
5. Light up bulbs at design voltage for 60 seconds. 
6. Visually inspect using 10x magnifier. 
7. Record data. 

4.5.3 Acceptance Criteria 

No bulbs may “smoke,” “blacken,” exhibit cracks in the glass (when viewed using a 10x magnification) or fail to provide 
light output.  

4.6 Bayonet Base Retention 

This test is applicable to bulbs with metal bayonet bases.  The objective is to evaluate the strength of the attachment 
between the glass bulb and the metal base. 

4.6.1 Test and Measurement Apparatus 

Use the following equipment, or equivalent, for testing base retention: 
 

Bayonet Base Retention Table 
 

Equipment Requirements 
Torque wrench with dial readout 
to indicate max-min torque 

0 to 2 Nm 

Torque wrench sockets to fit the 
various metal bases 

Base sizes:  BA9s, BA15s, 
BA15d, BAY15d 

Leather gloves or cloth  
Humidity chamber 50°C & 90-100% humidity 

4.6.2 Procedure 
 
1. Select 10 bulbs per the Sample Selection section. 
2. Condition the bulbs in a humidity chamber for 6 hours at 50°C and 90-100% relative humidity. 
3. Allow the bulbs to dry at room temperature for 1 hour.   
4. Hold the glass portion of the bulb in a leather glove or cloth. 
5. Insert the metal base into the appropriate torque wrench socket and rotate the bulb until the metal base loosens from 

the glass envelope.   
6. Record the data according to Record Retention section. 
7. Repeat for each of the 10 test samples. 
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4.6.3 Acceptance Criteria 

The base shall not loosen from the glass envelope with less than the minimum torque noted in the following table: 
 

Bayonet Base Bulbs Table 
 

Bulb 
Envelope 

 
Base Type* 

 
Min. Torque 

T-3-1/4 BA9s 0.5 (Nm) 4.43 (in-lbs) 
T-3-1/2 BA9s 0.5 (Nm) 4.43 (in-lbs) 
T-4-1/2 BA9s 0.5 (Nm) 4.43 (in-lbs) 
G-6 BA9s, 

BA15s, 
BA15d, 
BAY15d 

1.0 (Nm) 8.86 (in-lbs) 

B-6 BA9s, 
BA15s, 
BA15d, 
BAY15d 

1.0 (Nm) 8.86 (in-lbs) 

S-8 BA9s, 
BA15s, 
BA15d, 
BAY15d 

1.0 (Nm) 8.86 (in-lbs) 

4.7 Pin Removal 

This test is applicable to bulbs with metal bayonet bases.  The objective is to evaluate the strength of the attachment 
between the metal base and the locator pins. 

4.7.1 Test and Measurement Apparatus 
 
• Chatillon Scale − Model USTM or equivalent 
• Metal box and test plate as shown in figures Pin Removal Test Fixture and Pin Removal Test Plate. 

4.7.2 Procedure 
 
1. Select 50 bulbs per the Sample Selection section.   
2. Place each test bulb in the test plate.   
3. Place test plate and bulb on steel box as shown in Pin Removal Test Fixture.   
4. Set the test setup on the scale table center under the ram.   
5. Start the ram down at a speed of 32mm/minute ± 10% (1.25 in/minute ± 10%). 
6. Observe load required to remove the pins from the base. 
7.   Record the data according to Record Retention section. 
8. Repeat for all 50 bulbs. 

4.7.3 Acceptance Criteria 

No bulbs shall exhibit pin removal at a force less than 18 kg (40 lbs). 

4.8 Wedge Base Retention 

This test determines the force required to separate the plastic base (where applicable) from the glass envelope in the 
direction of socket extraction.  A margin safely above socket retention is required.  This test applies to bulbs with plastic 
bases that are intended to be inserted into separate sockets (for example, S-8 Wedge or GT-8). 
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4.8.1 Test and Measurement Apparatus 

Use the following list of equipment or equivalent: 
 
• Chatillon Digital Force Gage − Model LTCM-3   
• Apparatus shown in Wedge Base Retention Fixture 

4.8.2 Procedure 
 
1. Select 10 bulbs per Sample Selection section. 
2. Measure the force required to separate the base from the glass bulb using a force gauge.   
3. Record the data according to Record Retention section. 
4. Repeat the test for all 10 test samples. 

4.8.3 Acceptance Criteria 

The force measured must be no less than 4.5 kg (10 lbs). 

4.9 Lead Wire Bend 

This test is applicable only to miniature bulbs with external wires designed to be soldered or welded to an assembly or 
subassembly (for example:  wire terminal, bi-pin, etc.).  It is intended to determine the ability of the bulb to withstand 
bending forces, which may occur during normal handling and assembly processes. 

4.9.1 Test and Measurement Apparatus 

Use a suitable fixture for securing the bulb and measure the bend angle specified. 

4.9.2 Procedure 
 
1. Select 10 bulbs per Sample Selection section. 
2. Bend the lead wire 90° at a point no more than 1.50 mm (0.060 in.) from the exit of the lead wire out of the glass.   
3. Bend the lead 180° in the opposite direction, then return the lead to its original position.   
4. Record the data according to Record Retention section. 
5. Repeat test for all 10 test samples. 

4.9.3 Acceptance Criteria 

Before and after the test, there shall be no evidence of mechanical damage or air leaks during a 60-second light-up at 
design voltage. 

4.10 Lead Wire Pull 

This test is applicable only to miniature bulbs with external wires designed to be soldered or welded to an assembly or 
subassembly (for example:  wire terminal, bi-pin, etc.).  Its purpose is to determine the ability of the bulb to withstand 
pulling forces, which may occur during normal handling and assembly processes. 

4.10.1 Test and Measurement Apparatus 

Use a suitable fixture for securing the bulbs and apply the specified weight or force to the wire leads. 

SAE/USCAR-3 REVISION 4 
SPECIFICATION FOR TESTING AUTOMOTIVE MINIATURE BULBS

Stabilized 2022-03 
-12-

Full document details: SAE USCAR3-4

http://www.avadocuments.com/doc/sae-uscar3-4
http://www.avadocuments.com/doc/sae-uscar3-4

