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67 -1 CONTROLLED COMBUSTION 
SYSTEM SPECIFICATIONS 
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Engine Thermostat Operating Temperature 

L-6 Engine .... ..... . 
V-8 Engine ................ . 

Idle Speed and Ignition Timing 
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250 Eng . - Automatic Transmission 
350 Eng. - Manual Transmission .. 
350 Eng. - Automatic Transmission 
400 Eng. - Manual Transmission. . 
400 Eng. - Automatic Transmission 
430 Eng. - Automatic Transmission 

DIVISION II 

DESCRIPTION 
AND OPERATION 

67-2 DESCRIPTION AND OPERATION OF 
CONTROLLED COMBUSTION SYSTEM 

All 1968 cars must be capable of 
passing certain tests which meas­
ure the quantity of unburned im­
purities in the exhaust gases. 

Federal law places a limit on the 
hydrocarbon and carbon monoxide 
emissions from the exhaust sys­
tern. The s e Federal standards 
are the same as the California 
standards which have been in ef­
fect for the past two years. The 
purpose of this law is to keep the 
atmosphere cleaner, particularly 
in populous areas where these 
impurities add to the s m 0 g 
problem. 

Idle Speed 

700 
500 
700 
550 
700 
600 
550 

1150 ± 20° 
20 RPM 

220° 

Ign. Timing 

0° or T.O.C. 
4° B.T.O.C. 
0° or T.O.C. 
0° or T.O.C. 

2-1/2° A.T.O.C. 
0° or T.O.C. 
0° or T.O.C. 

Basically, ex c e s s i v e exhaust 
emissions are caused by incom­
plete combustion of the air-fuel 
mixture in the cylinders. 

The Buick solution to the emis­
sions problem is the Controlled 
Combustion System (C .C.S.) . This 
system, used along with engines 
designed for low emissions, in­
volves retarded spark advance at 
lower engine speeds plus leaner 
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carburetor and choke calibra­
tions. Most previous model 
Buicks had full vacuum spark ad­
vance at closed throttle. This 
greatly reduced the heat rejec­
tion to the coolant during idle, 
m a kin g radiator temperatures 
lower for more efficient air con­
ditioning. However, with vacuum 
spark advance at idle, exhaust 
emissions are very high during 
idle and during closed throttle 
deceleration. Eng in e e r shave 
found that these emissions could 
be greatly reduced by retarding 
the idle advance to TDC. With 
TDC idle timing, the throttle must 
be opened slightly more to main­
tain the same idle speed. This 
gives better mixture distribution 
and less exhaust dilution, result­
ing in much m 0 r e complete 
combustion. 

All 1.968 Buicks •. therefore, have 
"ported" spark advance, with the 
vacuum take-off just above the 
throttle valve, so that there is no 
vacuum advance at closed throt­
tle, but there is vacuum advance 
as soon as the throttle is opened 
slightly. To reduce emissions at 
idle and at lower engine speeds, 
all V - 8 engines are timed at TDC 
and will not start to have centrif­
ugal advance until about 1100 
RPM; from 1100 RPM on up, the 
centrifugal advance curve will be 
similar to past model curves. 

Because of the greater heat re­
jection to the coolant during idle 
with no vacuum spark advance, 
some engines are liable to over­
heat if allowed to idle for an 
extended period. For this reason, 
all upper series and 400 cu. in. 
automatic transmission engines 
have a thermo vacuum switch lo­
cated in the coolant passage at the 
left front corner of the intake 
manifold. This vacuum switch has 
three nipples: 

1. The nipple marked "MT" has 
a hose either directly to the in­
take manifold or to a tee which 
connects to the manifold. 

2. The nipple marked "c" is 
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connected to the carburetor for a 
"ported" vacuum source. 

3. The nipple marked "D" is 
connected to the distributor vac­
uum advance unit. 

When engine coolant is at normal 
temperatures, the thermo vacuum 
switch is positioned iriternally to 
supply "ported" vacuum to the 
distributor. However, if coolant 
temperature should ever rise 
above 220°, the thermo vacuum 
switch will supply full intake 
manifold vacuum to the distribu­
tor, even at closed throttle. This 
will cause an idling engine to 
speed-up, resulting in improved 
fan and water pump action, beside 
reducing heat rejection to the 
coolant because of the 14 to 18 
degrees spark advance. 

The C. C . S. package inc 1 u des 
leaner carburetor calibration at 
idle and part throttle plus leaner 
choke calibration. Sin c e past 
model carburetion was as lean as 
possible consistent wit h good 
drive ability with inlet air tem­
peratures as low as _20°, this 
still leaner C.C.S. carburetion is 
only possible because of the 
heated air. system that is also a 
part of the C.C.S. package. See 
Figure 67 -1. With the heated air 
system operating, inlet air tem­
perature is around 115 ° after the 
first few minutes of operation; 
this makes use of leaner (hot 
weather) calibration possible, and 
the car still responds and drives 
well in cold weather. 

The heated air part of the C.C.S. 
consists of a heat stove, a steel 
heated-air pipe, a rubber adapter 
elbow and an air cleaner contain­
ing temperature control doors 
operated by vacuum through a 
temperature sensor. 

The heat stove is a sheet metal 
cover, shaped to and bolted on 
with the left exhaust manifold. 
Air drawn in along the lower edge 
of the stove passes across the 
manifold surface, picking-up heat. 
The heated air is drawn out from 

the upper center of the manifold, 
through the heated air pipe and 
rubber adapter elbow into the 
snorkel of the air cleaner. 

The temperature con t r 01 air 
cleaner is designed to mix this 
heated air with cold air from 
under the hood so that carburetor 
inlet air temperature averages 
about 115°. This mixing is done 
by two air doors, a cold air door 
and a hot air door, which move 
together so that when the cold 
air door is closed, the hot air 
door is open and vice versa. Most 
of the time, both doors will be 
partially open as required to con­
trol the temperature. When the 
underhood temperature reaches 
about 135°, the cold air door will 
open wide and the hot air door 
will close tight. See Figure 67-2. 
Obviously, if underhood temper­
atures rise above 135 c, the air 
cleaner will no longer be able to 
control temperature and the inlet 
air temperature will rise with 
underhood temperature. 

The temperature doors are moved 
by a diaphragm type vacuum mo­
tor. When there is no vacuum 
present in the motor, the dia­
phragm spring forces the cold 
air door open and the hot air 
door closed. Whenever the engine 
is running, the amount of vacuum 
present in the vacuum motor de­
pends on the temperature sensor 
in the air cleaner which is located 
in the vacuum line between the in­
take manifold and the vacuum mo­
tor. In the sensor, a bi-metal 
temperature sensing spring starts 
to open a valve to bleed more air 
into the vacuum line whenever the 
temperature in the air cleaner 
rises above about 115°. Whenever 
the temperature falls below about 
115°, the sensing spring starts to 
close the air bleed into the 
vacuum line, allowing more mani­
fold vacuum to reach the vacuum 
motor. Whenever there is 9 
inches or more of vacuum in the 
vacuum motor, the diaphragm 
spring is compressed, the cold 
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Figure 67-1-Heated Air System Installed 
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Figure 67-2-Cold Air Door Open 
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67-8 SERVICE PROCEDURES 

air door is closed and the hot 
air door is opened. 

When the engine is not running, 
the diaphragm spring will always 
hold the cold air door open and 
the hot air door closed. However , 
when the engine is running, the 
position of the doors depends on 
the air temperature in the air 
cleaner. 

When starting a cold engine (air 
cleaner temperature under 95), 
the cold air door will close and 
the hot air door will open imme­
diately. See Figure 67 - 3. This 
is because the air bleed valve in 
the sensor is closed so that full 
manifold vacuum is applied in the 
vacuum motor. The cold air door 
will remain tightly closed only a 
few minutes, however. As soon 
as the air cleaner starts receiv­
ing hot air from the heat stove , 
the sensor will cause the cold air 
door to open partially, munng 
cold air with the hot air as nec­
essary to regulate air cleaner 
temperature within 20° of the 
ideal 115° air inlet temperature. 
See Figure 67-4. 

If underhood air temperature 
rises to 135°, the air bleed valve 
in the sensor will be wide open so 
that vacuum to the vacuum motor 
approaches zero. The diaphragm 
spring in the vacuum motor will 
hold the cold air door wide open 
and close the hot air door tightly. 
If underhood temperature rises 
above 135°, carburetor inlet air 
temperature will also rise above 
135°. 

While air cleaner temperature is 
being regulated, accelerating the 
engine hard will cause the vacuum 
level in the intake manifold and in 
the vacuum motor to drop. When­
ever vacuum d r 0 p s below 5 
inches, the diaphragm spring will 
open the cold air door wide in 
order to get the maximum air· 
flow required for maximum ac­
celeration. 

With an L- 6 engine, a different 
air cleaner controls the inlet air 

temperature 10 degrees lower 
than the V-8 engines. On L-6 
engines, ideal inlet air tempera­
ture is 105° ± 20°. 

DIVISION III 
SERVICE PROCEDURES 

67-3 REMOVAL AND REPLACEMENT 
OF c.C.S. UNITS 

a. R. & R. Vacuum Motor 

1. Drill center of two spot welds 
using a 1/16 inch drill. Do not 
center punch. 

2. Enlarge two holes using a 5/32 
inch drill. 

CAUTION: Use extreme care 
not to damage the air cleaner 
snorkel. 

3. Remove vacuum motor retain­
er strap. See Figure 67-5. 

4. Lift vacuum motor, cocking it 
to one side to unhook motor 
linkage at the control door. 

5. Drill a 7/64" hole in snorkel 
tube at point ' , A" as shown in 
Figure 67 - 5. 

6. Use the motor strap retainer 
and the sheet metal screw pro­
vided in the motor service pack­
age to secure the retainer and 
motor to the snorkel tube. 

7. Make sure the screw does not 
interfere with the operation of 
the damper assembly. Shorten 
screw if required. 

b. R. & R. Air Cleaner Sensor 

1. Remove two sensor retaining 
clips by prying. See Figure 67-6. 

2. Pull vacuum h 0 s e s fro m 
sensor. 

3. Note carefully the installed po­
sition of the sensor so that you 
can install new sensor in same 
position. Then remove sensor. 

4. Install sensor and gasket as­
sembly in air cleaner in same 
position as noted in Step 3. This 
is to eliminate the possibility of 

CONTROLLED COMBUSTION SYSTEM 

interference with the air filter 
element. 

5. Install sensor retaining clip, 
meanwhile supporting sensor at 
B around the outside rim to pre­
vent damage to the temperature 
senSing spring. See Figure 67-5. 

6. Reinstall vacuum hoses. 

DIVISION IV 
TROUBLE DIAGNOSIS 

67 -4 TESTING THERMO AIR CLEANER 
OPERATION 

Since failure of the thermo air 
cleaner will generally result in 
the snorkel cold air door staying 
open, failure will probably go un­
noticed in warm or hot weather. 
In cold weather, however, owners 
will complain of leaness, hesita­
tion, sag, surge or stalling. When 
any type of lean operation com­
plaint is received, always test 
the thermo air cleaner for proper 
functioning before doing any work 
on the carburetor. 

NOTE: Always perform checks 
in the same order as listed 
below. 

a. General Check of System 

1. Check all hoses for proper 
hook-up. Check for kinked, 
plugged or damaged hoses. 

2. With engine off, make sure 
cold air door is wide open. 

3. With engine running, check op­
eration of vacuum motor by con­
necting a test hose directly from 
intake manifold to vacuum motor. 
Cold air door should close. If 
door fails to close, determine if 
motor linkage is properly con­
nected to door or if a bind is 
present; if linkage is okay, then 
vacuum motor must be replaced. 

b. Quick Check of System 

1. Start test with engine cold, air 
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RETAINING STRAP 

.7 5 

INSTAll REPLACEMENT 
SENSOR ASSM IN SAME 

POSITION AS ORIGINAL ASSM 

Figure 67-S-Replacing Vacuum Motor Assembly 

Figure 67-6-Replacing Sensor Assembly 

SERVICE PROCEDURES 67-9 

cleaner at a temperature below 
85°. If the engine has been in 
recent use, allow it to cool. 

2. Observe the cold air door be­
fore starting the engine; it should 
be wide open. 

3. Start the engine and allow it to 
idle. Immediately after starting 
the engine, the cold air door 
should close. 

4. As the engine warms up, the 
cold air door should start to open 
and the air cleaner should be­
come warm to the hand. 

5. The system is operating nor­
mally as described above. If the 
air cleaner fails to operate as 
above or if correct operation of 
the air cleaner is still in doubt, 
pro c e e d to the thermometer 
check. 

c. Thermometer (heck of System 

1. Start test with air cleaner 
temperature below 85°. If engine 
has been run recently, allow it to 
cool down. While engine is cool­
ing, remove air cleaner cover and 
install a temperature gage such 
as J-22973 next to sensor. Rein­
stall air cleaner cover. Do not 
install wing nut. Let car stand 
idle for 1/2 hour or more before 
proceeding to step 2. 

2. Start engine. Cold air door 
should close immediately if en­
gine is cool enough. When cold 
air door starts to open (in a few 
minutes), remove air cleaner 
co v era n d read temperature 
gage. It must read 115° ± 20°. 
(L-6 engine -- 105° ± 20°.) 

3. If cold air door does not start 
to open at temperature indicated, 
temperature sensor is defective 
and must be replaced. 
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Figure 67-7-Heated Air System - 250 Engine (l-6) 
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Figure 67-8-Heated Air System - 350 2-Barrel Engine 
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Figure 67-9-Thermo Vacuum Switch Hose Installation - 350 2-Barrel Engine 
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Figure 67-11-Heated Air System - 400-430 Engine 
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