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Let’s take a look—from a different angle—at a subject we dis-
cussed in the May, 2011 issue: whether or not to maintain week-
end hours, even if on a seasonal basis for A/C specialists.

When we talk about shops open on weekends, for the typical 
small or medium-size shop, that generally means some techni-
cian takes weekdays off, which is fi ne, provided one technician 
is completely responsible for a job that he starts. That sounds 
pretty straightforward, but lots of jobs extend over a period of 
days for a number of reasons, including parts availability or 
equipment out of order. So a “golden rule” for these shops is to 
require that a technician leaving a job incomplete must provide 
a list of all the tests he performed, and all observations he made, 
for the tech taking things over (Figure 1). That, or the job should 
be left for the tech that started it to fi nish it (if shop operations 
and customer temperament will permit that).

It’s pretty tough to let an A/C job drag more than an extra 
day past a weekend, however, even though most families have 
more than one car. So the shop’s “system” has to provide for the 
situation when the technician who started the job is not there 
when the job is continued by another technician.

In this particular case, a 2003 GMC Sierra, the job was started 
on a Saturday, and the primary problem was determined to be 
a bad compressor. The recycle machine was out for repair, so the 
refrigerant was just recovered. By the time the compressor came 
in, the guy who started the job was off, and it was given to an-
other tech, who installed the new compressor, orifi ce tube and 
accumulator. He recharged the system using a tank and scale, 
plus taking readings on pressure gauges (40 psi on the low side, 
200 psi on the high side), but the air from the A/C vents on this 
hot day was 100 degrees F. The technician checked for a code 

and found a BO229, which is for the recirculation door actuator 
circuit.

In addition, the technician determined that the low pressure 
switch was good, and because there was condensate com-
ing from the drain, thought the temperature actuators might 
be stuck on heat. Fortunately, before he began to tear into the 
dashboard, he took the car to another shop with its operational 
recovery/recycle/recharge machine. Surprise: the scale he used 
was bad, really bad, and as we’ve shown in many past reports, 
you can’t rely on pressure gauges – because as it turned out, the 
machine recovered only a half pound, which is a full pound-
plus undercharge. A recharge to specs was all that was needed 
at that point. 

As a sidebar to this, let’s look at a 2001 Audi TT, in which the 
customer complains about poor cooling, but a thermometer in 
the center registers reads 44 degrees F., which on a hot summer 
day should be acceptable. But this technician has a premium 
recovery/recycle/recharge machine, so he decided to use it as 
a diagnostic tool, something we’ve frequently recommended 
(although the “symptom” did not indicate a need in this case). 
He recovered only 375 grams, which is half the specifi ed charge 
of 750 (26 oz). Another rookie mistake: he tried to recharge the 
system to the 750 grams spec, but (no surprise) the system 
wouldn’t take it all, and blew some out of the pressure relief 
valve. The technician repeated the recovery and this time got out 
700 grams, evacuated and deep-vacuum pumped for 30 min-
utes, then repeated the charge attempt. The full programmed 
charge of 750 grams went in, but high-side pressure hit 500 psi. 
He pulled 320 grams out of the system and the pressures came 
down to a more normal-sounding 250-300 psi on the high side, 
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Figure 1: If a job one technician started gets left for another to fi nish, a comprehensive list of everything done is important, to avoid duplication, erroneous 
conclusions and frantic phone calls to reach the technician who’s trying to enjoy his day off. Notice that test results and parts ordered are on this work 
order too.
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30 psi on the low side, 
and the A/C outlets were 
blowing 44 degrees F. air 
once more. What now?

Answer: the refriger-
ant tank was cocked; 
so a realignment was 
made, the system was 
recharged and all was 
well. Moral: when you 
install a tank, make sure 
it’s fi tted properly – nice 
and level (Figures 2, 3). 
And if you have one of 
the new J2788-compliant 
machines, don’t forget 
it has a calibration pro-
cedure within the elec-
tronics, and a calibration 

weight that was included 
(Figures 4, 5, 6). If the scale 
goes off, send the machine 
out for recalibration by the 
manufacturer. If you have 
an older machine, you still 
can make a reasonably-

good check of the scale by placing a nearly-exact weight on the 
center of the refrigerant tank or internal vessel and see if the scale 
registers that precise increase. We’ve always recommended a 
one-pound weight because it’s an amount that you can get with 
a stack of coins in plastic wrap. A pound is 455 grams, and 91 
nickels or 182 pennies will do (just a few ounces may not register 
properly on an older machine), even though the J2788 machines 
have been designed to properly test scales with specifi c calibra-
tion weights in conjunction with the machine computer’s spe-
cifi c test procedure. ■

Figure 2: Not just the recycling ma-
chine itself, but the refrigerant tank 
on the machine must be level too. Ma-
chines with an internal vessel may not 
have their accuracy affected by the ex-
ternal tank position, but if it’s cocked, 
it is indicative of machine abuse. If 
tank looks cocked, as in this case, the 
scale will not be accurate.

Figure 3: Remove the tank and check the scale’s tank seat for de-
bris or anything else that may be affecting the level of the tank.

Figure 4: Machines that meet SAE J2788 have a scale calibration feature 
in the computer and its digital display, so begin by entering that mode.

Figure 5: The J2788 machine display will instruct the technician to in-
stall the calibration weight that comes with the machine. In this case 
the weight attaches to a magnet on the underside of the machine scale 
as shown. 

Figure 6: This J2788 machine has a loop that holds the calibration 
weight and there is a machine computer scale test that is designed to 
work with that weight. Have an older pre-J2788 machine, one that 
meets SAE J2210? You can make a reasonably-accurate scale check 
with a one-pound “calibration weight” made from a wrap of 91 nickels 
or 182 pennies, placed on the center top of the tank. 
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As we pointed out in the May, 2011 issue article on ECO 
Modes, air conditioning operation is becoming more effi cient, as 
it must, to be a part of the greater effi ciency required to meet 2017 
fuel economy regulations. Some of the effi ciency comes from air 
handling controls. Whereas it used to be a choice between recir-
culation and outside air, in many cars (starting several years ago 
on Toyota products), there’s now a tailored mix – some recirc 
under virtually all conditions, but with computer algorithms 
that detect the conditions that cause windshield fogging, and 
increase the percentage of outside air, to go with defrost.

But most important has been the use of cooling load calcula-
tion, which has become more sophisticated as the use of CAN 
busses (Controller Area Network) permits greater, faster sharing 
of information from all sensors, to provide accurate calculations 
and instantaneous adjustments. 

For some time, there has been the Denso S series (fi ve cylin-
der swash plate compressor) with its pulse-width-modulated 
solenoid valve, which has been used on many imports and 
some Chrysler products, starting with the Dodge Caliber, then 
the Jeep Compass and Patriot, two vehicles that are derivatives. 
The vehicle electronics calculate the cooling load and produce a 
pulse width for the solenoid valve that results in pressure that 

Figure 7: Cutaway of Delphi CVC-e compressor shows computer-con-
trolled solenoid, the “electronic control valve” that sets the duty cycle 
to produce the tilt of the swash plate that changes compressor displace-
ment. First application we found is on the Chevy Cruze, which has a 140 
cc six-cylinder version of the compressor.

Figure 8: Illustration shows how the compressor/HVAC controller (module) works with powertrain controller to determine cooling load and therefore the 
needed compressor displacement to produce it.  The compressor duty cycle solenoid (Labeled “Control Valve PWM”) is, as the circuit indicates, controled 
by the compressor/HVAC module.

THE NEWEST COMPRESSOR 
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tilts the swash plate for the desired compressor output.
Now there is a new Delphi compressor line (Figure 7) that rep-

resents a re-engineering of the continuously-variable compres-
sor (“CVC”) design that has been in wide use at General Motors. 
Instead of the purely-mechanical control valve, as GM has used 
for years, the new CVC-e (for electronic) also has a pulse-width-
modulated solenoid valve, and Delphi claims it can go down to a 
true zero displacement—zero refrigerant fl ow to the evaporator. 
So there can be no evaporator freeze-up under any conditions, 
according to Prasad S. Kadle, director of advanced engineering. 
The overall control system actually provides three-level control. 
In addition to the solenoid, there is a control bellows that adds 
virtually micrometer control to the swash plate tilt. And a dis-
charge shutoff valve also is in the compressor refrigerant circuit. 

He noted that the CVC-e is available in various displacements 
and numbers of cylinders. Although suppliers do not disclose 

specifi c applications, we were evaluating a 2011 Chevy Cruze, 
and found that it was equipped with a CVC-e, specifi cally the 
140 cc six-cylinder..

As shown in Figure 8, the CVC-e is the primary object of 
a complex control system in which all possibly useful inputs 
from the CAN busses as well as some direct inputs (such as 
A/C request), are analyzed by the compressor/HVAC con-
troller. In addition to those shown, the compressor/HVAC 
controller gets an engine load signal that is calculated by the 
powertrain controller, which itself  receives inputs from the re-
frigerant pressure transducer (labeled high side pressure) and 
the radiator fans. 

With all this information, the compressor/HVAC controller 
can adjust cooling output according to need. As shown in Fig-
ure 9, the conventional compressor’s “normal control” system 
(ambient at 25 degrees C./75-77 degrees F.) lowers evaporator 
outlet air temperature to just over freezing (2 degrees C./36 de-
grees F.), but then the air is reheated to 12 degrees C./54 degrees 
F. With a low cooling load, this wastes energy. So when ambient 
temperature is just 25 degrees C. /75-77 degrees F., there is no 
real need for a lot of cooling. So except for when there is defrost, 
the compressor output is reduced and temperature out of the 
evaporator is 12 degrees F. (54 degrees F.) and there’s no need 
for reheat.

The introduction of the CVC-e line by Delphi means we now 
have another of the electronically-controlled type on the U.S. 
market, and one that obviously is going into what will be high-
volume lines of cars.

In practical terms, this should illustrate the change that must 
occur in a technician’s diagnostic approach, because the vari-
able displacement compressor pressure gauge readings are not 
the diagnostic indicator that they’d be on a fi xed displacement 
pump. As we’ve shown with the Denso S electronic compressor, 
you have to be able to determine if the solenoid is providing the 
pulse width necessary for the swash plate tilt that results in the 
compressor displacement for the cooling that’s required. Some 
scan tools and multimeters will read pulse width, although 
making a direct connection to the compressor solenoid requires 
a special tester, such as the MT1400 sold by Santech (www.san-
tech.com, 817-589-5900). The tester (Figure 10) was covered in 
the August, 2008 issue of MACS Service Reports, which you can 
read in the members’ section of the MACS website (www.mac-
sw.org). What the tester does is enable the technician to com-
mand different duty cycles and look for the proper response. 
Knowing the solenoid is healthy obviously is important infor-
mation.

More commonly, there may be a performance problem that 
will be traced to a sensor error that will trigger a trouble code and 
affect the solenoid duty cycle. Perhaps it’s in the HVAC circuit or 
a low-speed CAN bus, perhaps it’s in the high-speed CAN that 
includes the powertrain computer. Wherever it is, you need a 
scan tool with the level of software necessary to read the code, 
unless you’re ready to spend a day with a multimeter, jumper 
wires and lots of patience – and even then, surely no guarantee 
of success. ■

Figure 9: Diagram at left shows the comparison between a conventional 
compressor and system’s “standard control” strategy, which lowers am-
bient air temperature of 25 degrees C. /75-77 degrees C. to 2 degrees C. 
(36 degrees F., and then the air is reheated to 12 degrees C (54 degrees 
F.). Instead, with the minimal cooling required, the compressor output is 
reduced by the computer-controlled solenoid valve, so evaporator-out air 
temperature is raised to 12 degrees F. (54 F.) and it exits the HVAC case at 
15 degrees F. (59 F.)—no reheat. Chart at right shows how although evapo-
rator temperature is lowered to 2 degrees F. (36 F.) for defrost, it is raised 
to 12 degrees C. (54 F.) for economy when ambient temperature is 75-75 F.

Figure 10: Santech tester permits technician control of the compressor 
solenoid valve, as shown on a Denso compressor with pressure gauges 
connected. As the duty cycle is increased, the pressures change, showing 
solenoid control of compressor displacement. High side pressures goes 
up, low side goes down.
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Okay, you’re unlikely to be working on either of these for a 
while, but we still think you might enjoy knowing the following.

First, if you’re in a densely-populated area or just off a com-
muter road, and a company installing charging stations wants 
to set up at your location, it’s something to consider, even if just 
for the high-tech image. At this point, sales will be too small to 
justify any investment on your part. However, if an entrepre-
neurial company likes your location and gives you a cut of the 
revenue that leaves you ahead after paying for electricity, why 
not? It might lead to general service work at some point not far 
off. But read the contract and let your lawyer read it too.

Leaf
The all-electric Leaf has no engine, but it does have two “wa-

ter” (and antifreeze) cooling systems (Figures 11, 12): 
• One is for all the electronics, with a radiator (and of 

course, electric water pump—in fact, it has two electric pumps, 
with one for the long route to and back from a rear-mounted 
battery charging system), with a 7-1/2 quart capacity,

•  A second (also with an electric water pump) is for the 
heater core, with a 2.3-quart capacity. The coolant is heated by a 

PTC (positive temperature coeffi cient) element. The high-volt-
age battery pack is cooled by airfl ow alone, although the elec-
tronics cooling system also keeps the onboard battery charger 
cool. The A/C has a 345-volt Panasonic electric-drive scroll com-
pressor and system R-134a capacity is 450 grams (15 oz).

The underhood 12 volt lead-acid battery controls lights, in-
strument cluster and among other things, the radiator fans and 
those two electric water pumps. That 12 volter is so important, 
in fact, that if it goes dead, the vehicle won’t run, won’t even shift 
out of park, and if it’s defective or discharged, you can plug in 
and the high-voltage (lithium-ion) battery pack that powers the 
motor won’t even be charged.

• Yes, you have to be concerned about the high-voltage 
system (400V), for safety reasons. If the instrument cluster’s 
“ready” indicator (icon of a car with double-headed arrow), 
charge indicator or A/C remote timer is on, the high-voltage 
system is on. You can disconnect it by pressing the power switch 
once and the indicator should go off. Also remove the safety 
plug in the center fl oor section just forward of the rear seat.

• As just noted, the 12 volt lead-acid battery, which con-
trols the lights, instrument cluster and some of the low-voltage 

Figure 11: Dual cooling system in Nissan Leaf has two electric pumps and circulates coolant through two loops, one through the electronics, one to the 
on-board charger in the rear of the car.

A FEW EARLY NOTES ON THE NISSAN LEAF AND CHEVY VOLT 
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electronics, is critical to vehicle operation. 
• Although you can’t jump-start the high-voltage sys-

tem, you can boost the 12 volt battery from a conventional gaso-
line engine car. But be sure to do it right, because that battery 
is wired into the high-voltage circuit. The normal charging of 
the 12 volt battery is through the vehicle electronics. But Nis-
san warns against boosting the 12 volt battery while the Leaf is 
plugged in for high-voltage system charging, and against using 
it to jump-start a conventional gasoline engine car under any 

conditions.
• Although a small fi re can 

be put out with a fi re extin-
guisher, a larger one (or in case 
you don’t have an extinguisher 
for a small one), should be 
“drowned” in water. A small 
amount of water can combine 
with the electrolyte in a leaking 
lithium-ion battery (the high-
voltage system cell) and pro-
duce a toxic gas.

• If you do have to work 
on a Leaf, you likely will have 
to park it in position in the bay 
and apply the electric parking 
brake switch. Once you turn off 
the vehicle, the 12 volt system 
that supplies power to it will be 
off, and that will make the Leaf 
inoperative. If necessary, (such 
as to roll the car into position for 
charging, towing or fl at-bed-
ding) you can release the park-
ing brake without an electrical 
feed, using a tool in the Leaf 
tool kit. The Leaf should only 
be towed with the front (drive) 
wheels off the ground. Al-
though brake pads are a main-
tenance service not covered by 
warranty, the lining life should 
be longer than with a conven-

tional car, because much of the braking effort goes through to the 
regenerative braking system (charging the battery pack).

• When you’re doing mechanical work, keep the Smart 
Key far away – over 16 feet – to prevent it from inadvertently 
waking up the vehicle electronics before you get a chance to pull 
the high-voltage system safety plug.

• Put lift pads under the reinforced areas of the side rails 
just behind the front wheels, just forward of the rear wheels. The 
underbody section that holds the high-voltage battery pack is 
pretty sturdy, but you don’t want to jack under any part of it.

• As a weight-saving measure, the Leaf doesn’t have a 
jack or spare tire, just an infl ator kit for small nail holes, etc. If 
the tire has more than a small puncture, it has to be towed with 
a front-end dolly (if the problem is on a front wheel) or fl at-
bedded (if on a rear wheel). Nissan offers two years of free road 
service with the Leaf, so this may not be an early concern unless 
you’re a road service provider.

Volt
Although the Volt also has free road service (for fi ve years), 

take note there’s also no spare tire (infl ator kit too). It is unlike 
the Leaf in many respects, the most important of which is that 
it has a gasoline engine and fuel tank. But before you can fi ll it, 
you must press a release button on the driver’s door panel (Fig-
ure 13), following which a “Wait to Refuel” notice appears on 

Figure 12: Separate Leaf cooling system is for the heater includes a specifi c electric coolant pump and a PTC (posi-
tive temperature coeffi cient) electric heater. The pump circulates heated coolant through an under-dash heater core. 
Callout illustration at lower left shows the container with the PTC heater.

Figure 13: To release the fuel fi ll door on the Chevy Volt, press the button 
on driver’s side door panel, and when a ready light goes on, the fi ll door 
can be pushed to open.
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Figure 14: The high-voltage safety plug on the Volt is readily accessible 
after opening the fl ap door at the bottom of the center stack, as shown.

Figure 15: The 12 volt AGM (absorbent glass mat) battery for the Volt 
is under the rear compartment fl oor pan. Lift the access panel as shown, 
to be able to reach and disconnect the battery ground strap. Then remove 
the rear compartment fl oor pan for access to the battery itself.

the driver information center. Some seconds later, a “Ready to 
Refuel” message replaces it, and you can push open the fuel fi ll 
door. The high-voltage safety service plug is under a cover in the 
bottom of the control stack (Figure 14).

Like the Leaf, it’s fl atbed or front wheels on a dolly if the Volt 
has to be towed.

There are two conditions under which the engine will start, 
even if the battery pack is charged: 1) It’s under 25 degrees F. 
and the heater is turned on, so the engine runs to increase heat 
over the electric heat available, also warming the battery pack. 
A driver information center message, “Engine Running Due to 
Temperature” should appear. 2) Incredibly, if the driver has not 
used the gasoline engine for a long time and the fuel may be 
getting stale. An algorithm decides this and runs the engine pe-
riodically for a short period to burn it.

Like the Leaf, the Volt requires a charged 12 volt battery to 
wake up the vehicle electronics, which also are 12 volt, so the car 
will run. Unlike the Leaf, it’s in back, under the trunk fl oor pan 
(Figure 15), but if the 12 volt battery is dead, the hatch won’t re-
lease, so you’d have to use the underhood posts to boost. How-
ever, never use them to boost-start another car.

The Volt also has a high-voltage (300-V) scroll compressor, 
and there’s an ECO mode that limits heat and restricts blower 
output in heat or A/C.

What is very different with the car is the use of A/C to help a 
liquid cooling system cool the battery pack.  Actually, there are 

three separate liquid (antifreeze/water) cooling systems in the 
Volt:

• One of them (6.3 quarts) circulates liquid coolant 
through the high-voltage battery pack to a motor-driven “chill-
er,” a heat exchanger with plumbing through the A/C. So if 
the high-voltage battery pack needs cooling, the A/C goes on. 
Which explains why this very small car has a system with 2.1 
lbs. (33-34 oz) of R-134a. The conventional Cruze uses a related 
platform and has a capacity of 22 oz, which itself is fairly large 
compared with other cars in its size class. Down the road you 
can look to a challenging service experience, both for the dual 
A/C and for those cooling systems. The coolant fl ow pattern 
through the high-voltage battery box has to be smooth, and air 
in the system obviously could be a real problem. The factory 
procedure for bleeding air includes a vacuum fi ll, plus FIVE 
MILES of slalom-like driving to positively purge air from the 
battery box. If you ever have to do this, either fi nd a desolate 
private area that’s available, or you’d better develop a great rela-
tionship with the local police.

• A second is for the battery charger and power inverter 
module (3.2 quarts).

• The third (6.7 quarts) is the conventional one for the en-
gine, and including the heater core. The heating system includes 
a heating element to warm the coolant when the engine is off. A 
valve system adds a fl ow path with heat from the engine when 
it’s running. ■



1. Technician A says an “eco” mode
changes an A/C clutch cycling strategy,
increasing the clutch-off time.  Technician
B says the “eco” mode may use partial
recirculation and an increase in evaporator
temperature above the calculated cooling
requirement.  Who is right?

a. Technician A.
b. Technician B.
c. Both.
d. Neither.

2. In the Toyota “neural network,”
Technician A says that the target for A/C
register outlet temperature is modified by
the sunlight sensor input.  Technician B
says the target temperature is combined
with targets for airflow volume and mode
position.  Who is right?

a. Technician A.
b. Technician B.
c. Both.
d. Neither.

3. To check the A/C performance on a
system with the Toyota “neural network,
Technician A says to take the system out
of “eco,” set the control panel temperature
at LO, blower at medium and mode at
recirc with A/C registers.  Technician B
says to disconnect the outside air temper-
ature sensor, set the control panel temper-
ature at LO, blower at medium and mode at
outside air with A/C registers.  Who is
right?

a. Technician A.
b. Technician B.
c. Both.
d. Neither.

4. If the “neural network” system seems
to be unable to control properly,
Technician A says to check the HVAC sys-
tem for trouble codes using the on-board
diagnostics.  Technician B says to get all
the possible codes a scan tool with the fac-
tory software is required.  Who is right?

a. Technician A.
b. Technician B.
c. Both.
d. Neither.

5. The “Mongoose” is a
a. Factory-software aftermarket tool
for Toyota.
b. Factory-software aftermarket  tool
for Ford, Chrysler and General
Motors.
c. tool based on the SAE J2534 pro-
tocol.
d. All of the above.

6. The Mongoose is a
a. Self-contained scan tool, includ-
ing the cable and connector that
plugs into the underdash OBD II ter-
minal.
b. tool that must be used by connect-
ing to a PC .
c. tool that must be used by connect-
ing to a generic aftermarket scan
tool.
d. B and c are correct.

7. Technician A says General Motors
specifies a star-alternate (criss-cross)
torque sequence for the water pump on all
GM pushrod V-6s and the Eco-Tec four-

cylinder.  Technician B says GM specifies a
star-alternate torque sequence for the
water pump on all GM dual-overhead-cam
V-6s.  Who is right?

a. Technician A.
b. Technician B.
c. Both. 
d. Neither.

8. The click-off micrometer-set torque
wrench

a. Has the advantage of operation in
tight quarters.
b. Must be reset to zero after use.
c. Is sensitive to mishandling.
d. All of the above..

9. Technician A says a one-size-fits-all
HVAC actuator is the three-terminal actua-
tor on Chrysler products.  Technician B
says a one-size-fits-all HVAC actuator is
the five-terminal type on GM products.
Who is right?

a. Technician A.
b. Technician B.
c. Both.
d. Neither.

10. Technician A says the HVAC actua-
tors on such Ford products as Mustang are 

a. All three-terminal designs.
b. All-five terminal designs except
the defrost/mode.
c. All five-terminal designs except
the air inlet (outside air).
d. All four-terminal designs exept the
air-inlet (outside air).
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