
SELECTING THE RIGHT HALT CHAMBER – by Ted Kalal & Mark Levin
INTRODUCTION

Your company has decided to initiate a reliability improvement effort.  An important part of any reliability improvement effort is accelerated stress testing area, frequently referred to as Highly Accelerated Life Test (HALT).  HALT is a stress test regimen that imparts random vibration and temperature stresses to a device under test (DUT). The stresses applied will precipitate failure(s) of the weakest parts of the DUT so that they can be analyzed and redesigned to improve the reliability of the end product. HALT testing is performed in an environmental chamber (HALT chamber) specifically designed to impart temperature and vibration stresses both separately and together. Choosing the right chamber for your product can be complicated.  There are a lot of issues to consider that are not apparent when looking at the chamber manufacturer’s specifications.  However a skillful manufacturer’s representative can be very helpful.  This article will help you compare specifications of the chambers with an emphasis on focusing on your specific needs, both long and short term. There are six issues often over looked, they are:

1. Chamber Internal Size

2. Overall Chamber External Height

3. Input and Output Ports

4. Chamber Operating Noise

5. When to Start the Chamber Ordering Process

6. Manufacturers Warranties

CHAMBER INTERNAL SIZE

Perhaps the easiest specification to consider is the internal space or volume of the chamber itself.  It must be large enough to contain your product while allowing room for adjustment, cables, and the mechanical fixtures that hold your device to the vibration table that meet your specific requirements.  The smaller internal chamber sizes will accommodate a typical microwave oven with room for fixturing, etc.  Some are drive-in units that accommodate a full sized automobile while still others are tall enough to accommodate large racks of electronic systems.

In selecting the size of the chamber one should consider the biggest size DUT that could be placed into the chamber at any time.  If the DUT is small this may not immediately translate into a small chamber.  Frequently, several DUTs are stress tested at the same time to speed the HALT process, so larger internal volumes should be considered.  Additionally, your company may develop larger products in the future, which may not fit in the chamber if it is very small.

Working in a chamber that is poorly lit will make setup and trouble shooting more difficult. Lamps are needed in the chamber to produce enough light form several directions for good lighting coverage.  The lamps will be affixed to the test chamber’s ceiling.  They take up some space so this reduction in total internal chamber height needs to be considered.  The best location for these lights is in the corners of the ceiling of the chamber, rather than a row of lamps placed in the middle of the ceiling of the chamber.

OVERALL CHAMBER EXTERNAL HEIGHT

Typically the smaller chambers are 5-8 feet tall.  It is important to consider its height relative to the ceiling in the location where it will be used and the ceiling heights of the hallways and elevators that the chamber will pass through from the receiving dock to the final lab destination. If you are purchasing a large chamber, know the overall crated dimensions. This way you can do a practice walk through for the path the chamber will take to get to its final destination.

INPUT & OUTPUT PORTS

A major part of the HALT process is dynamic stress testing.  This means that the DUT will be operational during stress testing.  The DUT is then instrumented and monitored for proper operation by test personnel, to detect when failures occur.  Regardless of the instrumentation used to monitor the product, the input/output cables and loads must connect from the instrumentation to the DUT.  This means that a passageway through the chamber wall is needed.  Chamber manufacturers provide a variety of I/O ports that range from 6 inches in diameter and up.  Some chambers are available with a cut out in the door so that cables can be more easily managed.  Through-hole ports have the disadvantage of necessitating the cables be attached to the DUT after the DUT is in the chamber.  With the door cutout the cables can be attached on the test bench where the DUTs operation can be verified, and then easily placed into the chamber without having to remove the cables.  This avoids passing them through the chamber portholes and reattaching them to the DUT.  This can be time consuming and may well lead to undesired reattachment difficulties later during the testing.  Specifying a door cutout can be a time saver.

CHAMBER OPERATING NOISE

HALT chambers vary a good deal in the noise levels produced during operation. High noise levels can cause fatigue to the individuals doing the testing.  Selecting a low noise chamber will help.  HALT chamber noise levels can vary from 55 dBA to above 85dBA, depending on the selected level of vibration and manufacturer.  When possible, place the chamber in a remote or less traveled area so it will not be a disturbance to others.  Most do not understand these noise measurements; Table 1 offers a sound level comparison.

	dBA Sound Level
	Equivalent Sound/Noise Level

	Threshold of Hearing
	Below 10dBA

	Library
	35 dBA

	Office
	60 dBA

	Household Vacuum Cleaner
	75 dBA

	Gas Station Near Traffic
	85 dBA

	Football Stadium
	100 dBA

	Power Tools
	108 dBA

	Police Siren
	117 dBA


Table 1. NOISE LEVELS AND EQUIVALENT SOUND LEVELS in dBA

WHEN TO START THE CHAMBER ORDERING PROCESS?

Small chambers can be ordered and placed into an existing lab space quickly, but when the chamber size becomes large a lot of additional planning is needed for success. A year’s start from the date the chamber is to be up and running is typically needed if you are purchasing a large chamber for the first time.  Many items need to be taken into account that can cause delays. The delays can be internal and external.

Internal Delays:

Gathering several chamber manufacturer’s documents and specifications

Chamber specification comparison and selection

Time for upper management’s approval and purchase order signature(s)

Sales price and warranty negotiations

Location preparation

Power and other facilities (water, air pressure, etc.) installation

Nitrogen supply determination (concrete slab for a several thousand-gallon tank).

External Delays:

External tank and air compressor foundation design, preparation, etc.

Local ordinances and permit approvals (added earthquake installation requirements in some municipalities)

The permitting can be exasperating and may well be the major delaying item to the final installation

Getting a list of users from the manufacturer and contacting these individuals to understand chamber strengths and weaknesses.

MANUFACTURER’S WARRANTIES

There are many chamber manufacturers and they offer a variety of warranty packages.  Some offer very generous warranties.  Typically the warranty covers everything from parts and labor for on-site warranty repair for a full two-year period after date of installation.  In addition some manufacturers provide semiannual preventative maintenance at no cost (including travel, lodging, etc.) as part of the warranty.  It is strongly recommended that you carefully review the warranty terms and conditions.

COMPARING SEVERAL HALT CHAMBER MANUFACTURERS

Until one critically reviews the many specifications of the available chambers and compares each item, the best choice can easily be overlooked.  It is recommended that a chamber specification selection matrix be employed that compares each specification for all the manufacturers being considered.  Table 2 is a typical specification matrix.
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ATTRIBUTES

ITEM #

QUANTITATIVE

EXAMPLE

COMPANY A

COMPANY B

Model #

Model X1

  Model - 

  Model - 

1

Vibration Level Max in Grms

50

3

15

2

Rate of Temp Change (in deg C/min)

60

3

15

3

Factory Compatibility

Can use in factory

3

15

4

Built In Test Instrumentation

YES (not designed in)

1

15

5

Machine Reliability

Needs repairs every 2 mo.

3

5

6

Noise Level, in dbA

75

3

15

7

Safety

Door has safety lock

3

15

8

Machine Size  H"

102

3

9

9

Machine Size  W"

54

3

9

10

Machine Size  L"

52

5

15

11

Chamber Size H"

52

3

9

12

Chamber Size W"

52

3

9

13

Chamber Size L"

50

3

9

14

Table Size L"

42

3

9

15

Table Size W"

42

5

15

16

Delivery in Weeks

5 Weeks

5

15

17

Warranty (years)

2 yr P & L

3

9

18

Cost (BASE PRICE)

$145,000

    INSTRUMENT, etc. OPTIONS

$25,000

3

9

19

Compressed Air Req.

120 SCFM @ 90 PSIG

3

9

20

Max Static Load

800

3

9

21

Number of Nitrogen Gas Ducts

2

3

9

22

Accessibility (Table height to floor)

20

3

3

23

Cable Ports

4

3

9

24

Window Size (L" X W")

2 ea 18 X 18

3

3

25

Weight (in lbs.)

6,500

3

3

26

Multiple Dewar Hook-ups

3 Total

3

9

27

Safety Pads Available

1 per door

5

15

28

29

30

QUALITATIVE

1

Software

Easy to use

1

5

2

Technical Support

Yes, Local

5

25

3

Graphical User Interface (GUI)

8

3

9

4

Total of all HALT Machines produced

125

5

15

5

Years doing HALT Chambers

3

5

15

6

Years doing other chambers

None

3

9

7

Customization

Yes

3

9

8

Ergonomics

7

3

9

9

10

11

12

Scores = 

115

377

SORTED BY

WEIGHTING

FACTORS

COMPANY & MODEL #                  

BASE #

BASE #

WEIGHTED

WEIGHTED

BASE #

WEIGHTED

Source: Improving Product Reliability, Mark A. Levin & Ted T. Kalal, pg. 148-149, 

John Wiley & Sons, Ltd., (2003)

Table 2. HALT CHAMBER SELECTION MATRIX

Note that there is a column for weighting the line item in each row.  This way the selection process can emphasize those specifications that are most important for the specific application.  The quantitative specifications are readily available from the suppliers.  The qualitative section allows important subjective factors to be equally considered.

A HALT chamber is a machine that will last for a long time.  The ease of use is a critical factor that is captured under “software”.  It is recommended that one spend sufficient time operating the chamber and the application software to learn if it is compatible for the intended application.  The Graphical User Interface (GUI) might be easy to use or confusing; check it out.  Technical Support is very important.  If the machine is troublesome you may become the local repair technician.  Contacting customers who are using the chamber being considered can reveal user information that manufacturers are less likely to reveal.  

ARE HALT CHAMBERS AND HASS CHAMBERS DIFFERENT?

They can be.  Highly Accelerated Stress Screen (HASS) is the stress screening that is done in the manufacturing process.  The HALT chamber may be able to serve as a HASS chamber depending on the needs, budgets, etc. of the business.  In any case the HASS process uses preprogrammed stress cycles called “profiles” to test production.  This is where the software and the GUI can be important.  What is done in the HALT process should be easily transferred to the HASS process.  Having easy to use software helps ease the move from the HALT phase to the HASS phase of a product development cycle.

In the manufacturing process the product that goes into the HASS chamber may change frequently.  This means that the cable fixturing for the dynamic testing has to be easily moved along with the test fixturing.  Here is where the cutout in the door of the chamber is most important.  Consider this as a necessary item in the chamber selection process.

Ted T. Kalal and Mark A. Levin are co-authors of the book “Improving Product Reliability – Strategies and Implementation”, John Wiley & Sons, Ltd. (2003), ISBN 0470854499.  
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								HALT MACHINE DECISION MATRIX

				ATTRIBUTES				COMPANY & MODEL #

		ITEM #		QUANTITATIVE				EXAMPLE		BASE #		WEIGHTED		COMPANY A		BASE #		WEIGHTED		COMPANY B		BASE #		WEIGHTED		SORTED BY
WEIGHTING
FACTORS

				Model #				Model X1						Model -						Model -

		1		Vibration Level Max in Grms				50		3		15

		2		Rate of Temp Change (in deg C/min)				60		3		15

		3		Factory Compatibility				Can use in factory		3		15

		4		Built In Test Instrumentation				YES (not designed in)		1		15

		5		Machine Reliability				Needs repairs every 2 mo.		3		5

		6		Noise Level, in dbA				75		3		15

		7		Safety				Door has safety lock		3		15

		8		Machine Size  H"				102		3		9

		9		Machine Size  W"				54		3		9

		10		Machine Size  L"				52		5		15

		11		Chamber Size H"				52		3		9

		12		Chamber Size W"				52		3		9

		13		Chamber Size L"				50		3		9

		14		Table Size L"				42		3		9

		15		Table Size W"				42		5		15

		16		Delivery in Weeks				5 Weeks		5		15

		17		Warranty (years)				2 yr P & L		3		9

		18		Cost (BASE PRICE)				$145,000

				INSTRUMENT, etc. OPTIONS				$25,000		3		9

		19		Compressed Air Req.				120 SCFM @ 90 PSIG		3		9

		20		Max Static Load				800		3		9

		21		Number of Nitrogen Gas Ducts				2		3		9

		22		Accessibility (Table height to floor)				20		3		3

		23		Cable Ports				4		3		9

		24		Window Size (L" X W")				2 ea 18 X 18		3		3

		25		Weight (in lbs.)				6,500		3		3

		26		Multiple Dewar Hook-ups				3 Total		3		9

		27		Safety Pads Available				1 per door		5		15

		28

		29

		30

				QUALITATIVE

		1		Software				Easy to use		1		5

		2		Technical Support				Yes, Local		5		25

		3		Graphical User Interface (GUI)				8		3		9

		4		Total of all HALT Machines produced				125		5		15

		5		Years doing HALT Chambers				3		5		15

		6		Years doing other chambers				None		3		9

		7		Customization				Yes		3		9

		8		Ergonomics				7		3		9

		9

		10

		11

		12

				Scores =		0				115		377
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NOTES

		

		MN local test house				Rick Vincent, sales at Chart 888-877-3093

		Twin City Testing

		651-659-7410

		Steve Van Krevelan

				Gene Uba		at Lucent has a stretch TVC 16 (15' high)

				in Colorado

						Sateve Beavers at Thermatron knows the software.





HALT PO LIST

								THERMOTRON CHOICE

				INSTRUMENTATION PACKAGE

				ALL GUIs COMPATIBLE

				HIGH END COMPUTER

				RATE OF TEMP CHANGE

				SAFETY DOOR LOCK

				CUSTOMIZABLE

				LOCAL SERVICE

								POs LET TO:

								SUPPLIER		DESCRIPTION		UNIT COST		EXTENSION				NOTES

								CHART		HALT MACHINE		$237,000		$237,000

										- Includes Turnkey Engineering

								CHART		NITROGEN TANK PURCHASE		67,000

										or NITROGEN TANK LEASE/YR		12,000		12,000		*		($1,000/mo)

								CHART		NITROGEN PIPING		10,000						(50 ft. estimate)

								SUMMIT IND. EQ.		COMPRESSOR		17,700

										plus DELIVERY		1,000		18,700

								CROWCON		OXYGEN DETECTOR/METER		3,300		3,300

								DYTRAN		ACCELEROMETERS		5,000		5,000

								QUALMARK		MECHANICAL FIXTURING		1,500		1,500

												TOTAL =		$277,500

										Annual  Liquid Nitrogen Usage =		$26,000

										* Annual Tank Lease Fee





Qualmark Quote to Romano

		QualMark OVS-4eLF Chamber with the following:

				Test Manager E Software…………………………………….. $6000.

				Analyzer Package…………………………………13,000 to $16,000.

				2 Yr. Warranty

				SSR Module…………………………………………………………750.

				Fixture Starter Kit …………………………………………………???

				Quantity (2) Oxygen Sensor-One portable…………………$3,200. +

				Auxiliary Thermocouple and Vibration Input………………$1,500.

				Quantity (2) PM visits per year for 2 years

		Total Price for this package is… $160,925.00

		Price is firm for one year.






