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Safety Standards for Motor Vehicle Refrigerant Vapor Compression Systems

Performance Criteria for Electronic Refrigerant Leak Detectors

Dyes for Mobile R-134a and R-1234yf (HFO-1234yf) Air-Conditioning Systems

Ultraviolet Leak Detection: Stability and Compatibility Criteria of Fluorescent Refrigerant Leak Detection
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SAE J1627

SAE J2297

SAE J2791 HFC
SAE J2913 R-1

3. REFRIGERANT
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3.1.1 If the indicate
service histon
might be an

3.2

indication of a very large leak.

Very low or no pressure in the system when the vehicle is received

Three levels of leak detection. Level 1 is for large leaks, and even if effective in pinpointing a large leak, should be

followed by a subsequent level (Level 2 or Level 3) to ensure that all repairable leaks have been found.

3.3

The most effective and reliable refrigerant leak detection methods include the following steps, starting with methods
that will locate major refrigerant leaks, to methods that will locate leakage rates of a few grams per year.

It should

be noted that to minimize MAC system refrigerant emissions and assure consumer satisfaction, identifying all
potential system refrigerant leakage can only be accomplished by using the correct procedures and in conjunction
with electronic and trace dye diagnostics.
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4.

4.1 Visual inspecti

4.2 Visible oil leakage on system parts should be the first step in any leak test procedure.

INITIAL MAC SYSTEM INSPECTION LEVEL | PROCEDURE

on for major leakage [install a gage set and check static pressure in the system].

If vehicle has low or no

pressure in the system when it arrives for service, it is important to take time to carefully perform this step.

4.21

Leakage may be indicated by oily dirt, particularly at refrigeration system joints. If the leakage is almost entirely

from a single location, a refrigerant system having a large leak may have some indication of oil collection on the
surface of the refrigerant part, and with exposure time, the area will collect dirt. Visually inspect the system,
looking for oily dirt at refrigerant line joints and where lines and components may make physical contact, and rub

through to p

raduce a leak Check the hood liner or surface to check for excessive qil ac

cumulation due to a

compressor

indication of

may indicate
4.2.2 Leakage ind
during many
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shaft seal leak from a high-mount compressor. [Note: a small amount of oil-
a shaft seal leak.] If accessible, check the condensate drain of the evaporator 1
an evaporator leak.

icated by trace dye already in the system. Many vehicle makers install trace dy
facturing. If so, trace dye is likely to produce visible evidence. Sée Section 5 for

br Soap Water Solution

ry low pressure in the system, skip this step. Bubblés from water and soap
parts/joints are only effective in locating and pinpoitting large refrigerant leaks,
ging of the system first. Be sure to check for indication of dye before using

hing away the dye.

hs of using a liquid bubble leak detection method are indicated in the chart, Figu

npares the soap solution bubble methoed with leak detection using SAE J1627 ar
hk detectors.
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d SAE J2791/J2913
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that one bu
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electronic le
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FIGURE 1

As seen in Figure 1, using water or water and soap and looking for bubbles will not identify small leaks, since one

bubble per second indicates a refrigerant leak of over 45 oz (1276 g) per year exceeding over twice the total
system refrigerant charge requirements for most cars. When attempting to determine if the system has a smaller
leak, but still large enough to require service, refrigerant leak bubble identification is of little value, and use of SAE
electronic leak detectors and/or trace dye is required.
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5. LEVEL Il LEAK PETECTION PROCEDURES

5.1

5.1.1

5.2

5.21

Figure 2 compares water/soap detection for different SAE rated electronic leak detectors. One visible bubble per
second indicates a refrigerant leak rate of approximately 45 0z/1276 g per year, as compared to using SAE J2791
or SAE J2913 electronic leak detectors certified to identify refrigerant leakage of 0.15 oz or 4 g/year.
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FIGURE 2 - REFRIGERANT LEAK DETECTION

For smaller ¢apacity system refrigerant leaks, refer to procedures in Level IV in Section 8.

A full refrigergnt charge is not required to detéct leaks. In general, the system pressure in psig is similar to the
surrounding area temperature in degrees Fahrenheit of the system (work area temperaturg). If the work area
temperature ig in the range of 24 °C (75 *F) the system static pressure (no compressor operation) will indicate a
gauge pressufe reading in the range-of"79 psig (543 kPa gauge) for HFC-134a, 82 psig (665 kPa gauge) for
R-1234yf. The¢ work area temperature. must be warm enough (at least 15 °C [59 °F] for electronic leak detection per
5.2, and should result in a gauge (pressure of approximately 57 psig (393 kPa)) for R-134a, 60 gsig (414 kPa gauge)
for R-1234yf. | At high ambients,/the pressure will be higher. Consult a refrigerant pressure-temperature chart and
determine if the system pressure reading is correct for ambient in the work area, to ensurp there is adequate
refrigerant in the system.

Step 1: Perform visual inspection as outlined in Level | as described in Section 4.

Step 2: Chegkpressure in system. If less than appropriate for the ambient temperature, slowlyy add small amounts
of refrigerant until pressure rises above this level. Ambient temperatures should be above 15 °C. Check for
hissing noises as refrigerant is added as another check for gross leaks. If noise is heard, stop adding charge,
determine the source, and repair the leak before adding more refrigerant. Using the appropriate refrigerant type
pressure-temperature chart can be used to determine the expected system pressure.

Quick Leak Check Repair

A charge amount of approximately 10 to 15% of the total charge will result in sufficient pressure to perform a leak
check with an electronic detector. Adding additional refrigerant will not increase system pressure. If the system
has been open and has air in it, adding refrigerant without evacuating will result in a slightly higher pressure.
However, this will not result in an error in leak checking. Since the refrigerant shall be removed to complete
service, the recovery/recycle equipment will process the refrigerant and remove the air before the final full charge
is added to the system. The information in Figure 3 shows the addition of refrigerant into an empty system and
reaching a saturated equalized pressure condition with pure refrigerant [after the system is evacuated] and
refrigerant added to a system (with air) without evacuation.
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5.2.1.1  For safety reasons, mixing refrigerant and air in the system, is not recommended. When using SAE J2843

R-1234yf equipment the automatic process will evacuate the system prior to refrigerant being charged into the
system.

5.2.2 If the compressor is to be operated, such as to circulate trace dye, a full refrigerant charge amount should be
added. [But this should not be done until all of the checks for gross leaks and the other processes in Level Ill -
Section 6 - are completed.]

System Refrigerant Charge
120

Saturated System Pressure with liquid/vaporat 85 degrees F.[29C]

Refrigerant & Air

80

. /
/ Pure Refrigerant
40

// —#-No Vacuum =e—Prior Vacuum

5% 10% 15%
Percent of System Refrigerant Charge

Service Fitting Pressure High/low side PSIG

FIGURE 3

5.3 General Cons|derations

5.3.1 Only the system refrigerant itself has been validated by SAE leak detection standards ps a safe, effective
pressurizing|substance for electronic:leak detection in automotive A/C systems.

5.3.2  Using Other|Means to Introduce Bressure into the MAC System

5.3.2.1  Without pfoper equipment*and precautions, the use of other pressurizing substances cap be costly, and the
ability to identify smalldefrigerant leaks becomes difficult or impossible. It is not recommengled that a technician
use any other metheds for field service to identify system refrigerant leaks. The use of other substances may
also resulf in safety concerns or system contamination if the substance is not properly removed,

5.3.2.2 A pressur|zation substance other than the system’s refrigerant. has not been tested to ahy SAE standard for
suitability for A/C leak detection, and there are no affordable service shop usable, leak detection devices that
have been tested to any SAE standard to demonstrate they can consistently measure the equivalent refrigerant
leakage rate of less than 25 g per year. Current industry technology has not developed cost effective
refrigerant leak detection equipment other than that meeting SAE J1627 and SAE J2791 Performance Criteria
for Electronic Refrigerant Leak Detectors (R-134a) and SAE J2913 R-1234yf Refrigerant Electronic Leak
Detectors, Minimum Performance Criteria.

5.4 Other Safety Concerns

5.4.1 Pressurizing the entire closed circuit system over 1050 kPa (150 psig) could cause failure of an evaporator. The
use of shop compressed air can introduce moisture, contaminates (rust) or shop air compressor oil into the
system, saturate the desiccant and cause over-pressure damage the evaporator. Under no circumstances should
shop air be used. The use of a higher-pressure refrigerant, such as R-22 (HCFC-22) can result in system

chemical contamination. Do not use R-22, as it can contaminate the refrigerant recovered in the service
equipment.
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5.5 Hydrogen/Nitrogen

5.5.1 Pure hydrogen cannot be used to locate leaks because its escape velocity is so high it may move away from the
leak site too rapidly to be detected. The use of hydrogen without adequate safety precautions may also create a
flammability hazard. This is not a recommended procedure. Detectors using a mixture of hydrogen/nitrogen to
minimize flammability have not been evaluated for meeting appropriate SAE leak detector performance
requirements, for the ability to identify small leaks, for possible false-triggering or potential system contamination.

5.5.2 Nitrogen/helium can be used, but the nitrogen dilutes the helium, so a more sensitive detector is needed to locate
leaks. Nitrogen at high pressure would tend to dissolve in the lubricant and be adsorbed by the desiccant, so a
good vacuum would be needed to remove the residual gases after leak detecting is accomplished.

55.3 Leak deteclors, using these technologies, have not been evaluated for correlation ofsfrefrigerant (R-134a,
R-1234yf) lepkage rates for meeting the appropriate SAE leak detector performance requirements.

5.6 For safety, under NO CIRCUMSTANCES shall any MAC system or service equipment’ be prgssure tested or leak

5.7

tested with airfor air and R-134a or R-1234yf mixtures.

rant Electronic Leak
to ignite, such as a

R-1234yf refrigerant has an A2L listing (very low flammability) and SAE J2918 R-1234yf Refrige
Detectors can|be used to identify refrigerant leakage. R-1234yf requiresthigh energy sources

hot, cherry reqg
tested to assu

6. REFRIGERANT]

6.1 Electronic Pro

Use electronic leak g
6.2 General Instru
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6.2.2 With the sy
ambient tenf

chart can b
reached (un

, surface or an open flame. However, only a detector that meets SAE J2913 hag
re safe operation with this A 2L refrigerant.

LEAK IDENTIFICATION PROCEDURES LEVEL H}

be-Type Detector Instructions for Detecting Réfrigerant Leaks

etectors certified to SAE standards and:thie correct refrigerant type.

ctions

ce to the basic procedures.déescribed in the appendix of SAE J1627, SAE J2791,
engine and A/C system turned off.

stem off, chargesthe’ A/C with sufficient refrigerant to attain a gauge pressure
perature and the particular refrigerant. Using the appropriate refrigerant type p

used to determine the expected system pressure. Do not continue to charge d
ess the tesSt'is being performed at higher ambients, as noted in 5.1), as the press

with added

not be meadurable; since this pressure may not be reached. As a preliminary check to find a
hissing noisg @as(refrigerant is added.

{zfrigerant once the saturation pressure is reached. At temperatures below 15 °

okait

If hiss is heard, determine the source and repair thg

been designed and

ic leak detector shall be operated in accordance with its manufacturer's operatjng instructions, and

br SAE J2913. Leak

appropriate for the
ressure-temperature
nce this pressure is
ure will not increase
C (59 °F), leaks may
gross leak, listen for

leak before adding

C

more refrig

6.2.3

rarre

any of these chemicals is present, using a dry cloth, clean where necessary.

Refer to the operator’s manual to determine which chemicals may cause the particular detector to false-trigger. If

6.3 Take care not to contaminate the detector probe tip if the part being tested is contaminated. If the part is particularly
dirty, it should be wiped off with a dry shop towel or blown off with shop air. No cleaners or solvents shall be used,
since many electronic detectors are sensitive to their ingredients.

6.3.1

If not already performed as part of Section 4 Level | inspection, visually trace the entire refrigerant system, and

look for signs of air-conditioning lubricant leakage, damage, and corrosion on all lines, hoses, and components.
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6.4 Warm up the detector. Based on the estimated leakage rate of the entire system, set the detector to the appropriate
sensitivity. A detector that meets SAE J2791 and SAE J2913 has three operator-selectable settings, for 4 g/year,
7 glyear, and 14 gl/year. SAE J1627 leak detectors do not provide the same level of leak detection capability as the
newer detectors. Check each questionable area with the detector probe, as well as all fittings, hose to line
couplings, refrigerant controls, service ports with caps in place, brazed and welded areas, and areas around
attachment points and hold-downs on lines and components.

6.5 Regardless of the system refrigerant charge amount, it is likely that performance issues will occur when the leak
rate is 14 glyear and higher. On late-model small-capacity systems, identifying smaller leaks is important, so it is
recommended that the technician use electronic detectors meeting SAE J2791 or SAE J2913 to identify leaks as
small as 4 glyear. It is important to minimize system refrigerant loss to assure that maximum cooling performance is
achieved. S i depending upon the componen of the system being
serviced, and| this must be considered in diagnosis. Comparing the identifiable gram/year leak rate of all
connections for the system being serviced should be considered when identifying ‘\components that need
replacement.

em _acsSign CaxKade W\ d

6.5.1 As noted, ng¢w, small capacity systems are likely to have leak rates of under 4 g/year for joirlts, so a greater leak
rate from a jpint is likely to be serviceable. On large capacity systems of older)system designs, most of the joints
checked had a leakage rate of less than 14 g/year. Any leak greater than f4.g/year indicateg that the leak needs
to be repairgd. Using the leak detector probe, follow the refrigerant systemtaround in a continuous path so that no
areas of potential leaks are missed. If a leak is found, always continue totest the remainder of the system.

6.6 Electronic leak detectors that are certified to an SAE Standard use)different technologies that

It is advisable [to consult the manual supplied with the leak detecter for proper instructions on its

ay affect its usage.
use.

6.6.1

6.7

6.8

6.9

At each area checked, move the probe around the locatiof; at a rate no more than 75 mm/s
than 9.5 mm (3/8 in) from the surface, completely encircling fittings, joints, service valves, sy
Slower and floser movement of the probe greatly improves the likelihood of finding a leak.
probe againpt a leak source may cause the detector to silence, as premium infrared detectq
probe to crgate the voltage difference between, the actual leak point versus an adjacent ar
detector that is parked (held) on a leak may sound a continuous alarm until moved.

One way to verify a suspected leak is foyblow shop air into the area of the suspected leak
refrigerant, and if necessary, repeat. the check of the area. In cases of very large leaks, blowi
shop air often| helps locate the exact\position of the leak. Another method, using an SAE J2
certified detector, is to recheck for the leak with the sensitivity switch on higher (and if applical
switch positiorns. This also may help the technician estimate the size of a leak.

When testing for a leakatthe compressor, move the probe along the compressor body joints,
relief valve arld any switches, then all around the compressor nose area (compressor shaft
many compregsor shaft seal leaks only occur during compressor operation, quantifying leaka
verifying the eiistence of a shaft seal leak poses special problems, as the electronic leak deteg

3 in/s), and no more
vitches and sensors.
However, resting the
rs require a moving
ba. A heated-sensor

to clear the area of
ng out the area with
791 or SAE J2913 -
ble lower) sensitivity

around the pressure
seal). Inasmuch as
je rate, or even just
tor test is made with

the system o haft seal is on the low-pre e side of the em _ which adds to the diffi

Culty. Leak testing of

the evaporator core also poses special issues. [See Section 9.] Although some refrigerant loss past shaft seals is
normal, any triggering of a SAE J2791 or SAE J2913 electronic leak detector on settings below 14 g/year with the
system off may indicate a significant leak has been found if no other leaks can be located. Refer also to Sections 6
and 7.

Following any service to the vehicle’s air conditioning refrigerant circuit, a leak test of the repaired components, the
service ports, and the entire refrigerant circuit to assure there are no additional system refrigerant leaks should be
performed.
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7. USE OF TRACE DYE GENERAL INSTRUCTIONS

7.1

7.2

Trace dye (illuminated by ultraviolet “black” or “blue” light aimed at the leak source) has been found to be a useful
tool in service shops to locate repairable refrigerant leaks. However, trace dyes have some limitations based on the
type, amount and time the dye has been in the system, and the fact that a trace dye does not indicate the size of
leak. These factors can affect the likelihood of a visual indication of the refrigerant leak, and additional service
procedures may be required.

Trace dye mixes with oil and is distributed throughout the refrigeration system, so it may take some system
operating time for the oil/dye mixture to circulate to provide identification of a leak point. Recent refrigerant systems,
for improved cooling performance, have reduced system lubricant circulation, with newer compressors that retain oil

within the comy

nressarIn Pnnjllnr‘finn with the reduced rpfrigprant r‘hnrgpc on MAC chfpmq 1

is can make it more

difficult for trad
7.2.1  Unlike the €
operation ar
less visible |
7.2.2 Some vehic
more dye Uu
recharging t
NOTE: Some mand
needed.

7.3 Important issu

7.3.1 Use only a
dyes may ndg
7.3.2 High-voltags
systems. On

7.3.3
manufacture
refrigeration
capability re

7.4 ltis advisable

Install only the correct amount of trace dye for the system (single versus dual evaporator s

e dyes to be circulated in the entire refrigerant circuit, often increasing the timen
lectronic leak detector, which is used with the system off, trace dye requires
d a full refrigerant charge. Trace dye may be useful to highlight smaller leaks or
bcations.

e manufacturers may have installed trace dye in the production system, and it is
hless the system has been flushed. It is likely a leak can he located on thg
ne system or further system operation.

factures include dye in the replacement drier so 4vhen the drier is replaced

s to consider when using trace dye material.for identifying refrigerant leakage:

race dye that meets SAE J2297, and that has been tested for compatibility to
t fluoresce adequately, particularly with-small leaks, or if in the system for an exte

compressors require a specific dye, and only that type should be used in high

ly install trace dye that is approved by the vehicle manufacturer for the particular

r's instructions for-his' particular dye injection equipment. Excessive dye
oil, can affect the-viscosity of the lubricant, and excessive trace dye can re
Sulting in a compressor failure.

to use accurate refrigerant charging equipment, such as that which meets SAE J

bcessary.
normal compressor

those that may be in

unnecessary to add
se vehicles without

no additional dye is

SAE J2670. Weak
nded period.

Lvoltage compressor
Bystem.

stem), following the

when mixed with
duce the lubricating

2788 (HFC-134a) or

SAE J2843 (R
operate it for
and/or glasses
will aid in findi

-1234yf)x"Install a full charge of refrigerant into the system. After the system

at least 0.5 h, and inspect all the system refrigerant components for leaks using

that are required by the manufacturer of the trace dye that has been mstalled

as been recharged,
he appropriate lamp
ore powerful lamps

efs, so inspecting with

small * fIashllght type lamps also may be helpful and trace dye producers have mtroduced flashllght-type lamps as
powerful as older lamps of greater size. Use fluoresce-enhancing goggles supplied by the manufacturer of the dye.
Note: if the leak is small or is in a location where field of view is poor, it may be necessary to allow several days of
vehicle operation for the leak to show up.

8. REFRIGERANT LEAK IDENTIFICATION MANUAL PROCEDURES LEVEL IV

8.1

8.1.1

8.1.1

A

Smaller capacity system refrigerant leaks may not be indicated with a Level | procedure. This procedure provides
an additional operation in determining a potential system refrigerant leakage.

System Vacuum and Pressure decay service procedure [pressure change/loss over time] for determining a
possible system refrigerant leak.

Install system pressure measuring device (service gauge(s)).
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