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8. AIR INJECTION (Al) SYSTEM

DESCRIPTION

The Al system serves 1o blow compressed air into the hot gases discharged from the cylinder head exhaust ports for the
purpase of reburning the unburnt HC (hydrocarbons) and CO {carbon monoxide),

In the vehicles equipped with catalytic converter {CCol, the air blown into the exhaust system also serves to promote
the oxidizing reaction,

OPERATION

1. Al system operation (2T-C engine except for California)

- The clean air from the air cleaner is compressed by the air pump and then passes through the air by-pass valve
(ABVI, air switching valve {ASV], Al manifold, and check valve, to discharge into the exhaust ports.

2 When the air pump discharge pressure rises above the specified value, the ASV relief valve opens to relieve the
air back to the air cleaner,

Al sudden deceleration, the intake manifold vacuum acts on the ABV and lowers the valve, The air from the air

pump is temporarily relieved from the ABY into the air cleaner, (To prevent after burn)

At heavy load, the decrease in the intake manifold vacuum causes the ASY to close the passage al the Al

manifold side. Therefore, the air is relieved into the air cleaner.

This action is delayed by the vacuum
transmitting wvalve,
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Fig. 8-1 Al System Operation (2T-C Engine except for California)
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2. Al system operation (2T-C engine for California and 20R engine)

The operation is basically the same as that for the Al system in the 2T-C engine except for California,

[*ON* condition]

When the vehicle speed, coolant temperature, and catalyic converter (CCo) temperature all reach the "ON" range,
the computer wurns the WSY “ON". Turning on the V5V causes the intake manifold vacuum to act on the ASY
and inject the air,

[OFE" condition]

If any one of the "ON" conditions changes into the "OFF™ range, the computer turns the VSV "OFF”
o Turning off the V5V allows the atmosphere to act on the ASY and causes the ASY to close by spring action,
@ Ther air is relieved into the air cleaner,

Air Pump

Al Mozzle

Al Manitold

Air By-pass
Valve

Check Walwe

Speed Sensor

Computer @

g ——

1
:7-‘? Therma $/w
ll ﬂ at radnallur (Whitel

Ajr Switching Thermo Sensor

= Walve {far CCol
WEY tﬁ-—— at Air Injm:tml'il | I I

(“ON—) - meeoe-=e gl Feliel

Atmosphere

Walve

—ili

Fig. 82 Al System Operation (2T-C Engine for California)
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Fig. 8-3 Al System Operation (20R Engine)

3 Al system operation (4M engine)

[om condition]

When the vehicle speed, coolant temperature, and catalytic converter (CCol) temperature all reach the QN
range, the VSV (installed on the ASV) closes the vacuum passage between the chambers “A” and “B" in the

ASV.

o The ASW rises up by spring tension,
2 Therefore, the clean air from the air cleaner, after being compressed by the air pump, passes through the ASW,

check wvalve, and Al manifold and sent into the exhaust ports,

When the air pump discharge pressure rises above specified value, therelief valve in ASY opens and causes the

air from the air pump to be relieved from the ASY into the air cleaner.

o At sudden deceleration, the intake manifold vacuum acts on the ASV and lowers the valve. Ihe air from the air

pump is temporarily relieved into the air cleaner,
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Fig. 84 Al System Operation (4M Engine) — “ON” Condition

[“OFF" condition]
o If any one of the “ON" conditions changes into the “"OFF™ range, the WSV opens the passage between the
chambers A and "B in ASV. Therefore, the air pump pressure acts on chamber “B" 1o lower the valve,
Consequently, the air from the air pump is by-passed by the ASY into the air cleaner and does not go to the
exhaust ports.
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Fig. 8-5 Al System Operation (4M Engine) — “OFF" Condition
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4, Al system operation (2F engine)

The clean air from the air cleaner is compressed by the air pump and discharged into the ABY . from where it
passes through the check walve, air injection manifold, and air injection nozzle,

When the air pump discharge pressure rises above the specified value, the air pump relief valve opens and allows
the air to discharge into the atmosphere,

The “A™ and “B" chambers in the ABVY are normally under the same intake manifold vacuum due to continuity
provided by the balancing hole and the diaphragm will be pushed up by spring tension, At sudden deceleration,
the balance between chambers A" and “B™ will be disrupted due 1o intake manifold vacuum acting suddenly
on chamber “"B”. The diaphragm will drop temporarily until the balance in vacuum between chambers “ A"
and “B" is restored. Therefore, the air from the air pump will be by-passed into the atmosphere during the
time the diaphragm is in lowered position,

Religved Air

Relief Valve Check Valve
Al Manifold

Air Pump

Balancing Hole

Al Nozzle

g 3t Air Injection
- === =By-passed Air

Air By-pass Valve

Fig. 8-6 Al System Operation (2F Engine)
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5.

Air pump operation

o As shown in the drawing, the rotor revolves out-of-center with the housing inner wall,
The two vanes revolve in-center with the housing inner wall,
Therefore, the chambers formed by the rotor, vanes, and housing inner wall change in accordance with the
rotor revolution,

o The revolution of the rotor causes the two chambers to respectively increase in volume and draw in the air
when revolving away from the inlet port, and decrease in volume, compress and discharge the air when
approaching the outlet port.

o In case of 2F engine, a relief valve is provided at the outlet port, which serves to control the air pressure by
opening and discharging the air into the atmosphere when the discharged pressure rises 1oo high, In the other
engines, this function is performed by the air switching valve [ASV].

2F Engine Only

- Qutlet Port

Shoe Spring

Inlet Port

~Inlet Port

Cutlet Port
Reliet
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Rator
Carbon Shoe

Shoe Spring
Vane

Fig. 87 Air Pump Operation

6. Operation of various valves,

Refer 10 each section under Al system operalions,
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Al system Operating Ranges (2T-C engine for California, and 20R and 4M engines)

In the 2T.C l(except for California) and 2F engines, there are no computer control so that there is constant air

injection,

Al system “ON™ — Air injected when all following conditions are "ON",
Al system “OFF™ — Air injection is cut oul when any of the following conditions is "OFF",

Vehicle Speed — Speed Sensor
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=
2z
@ Cool +65 Hot
E—. 1380 45
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: I oFF
2 1200290 i
] 43 208 {F
= o
™ [ F)

Mote:

In the above figure, thermo switch “ON™ denotes cut-out state and "OFF" the continuity state,
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INSPECTION

1. Air pump drive belt inspection
O Inspect the drive belt for crack, deformation,
and wear,
© Inspect for adherence of oil or grease on the
belt,
o Check the belt inner perimeter to see that it
is not touching the bottom of pulley groove,

2. Drive belt tension inspection and adjustment

o Press the drive belt at specified pressure and
check the amount of deflection,

o Tao adjust, loosen the adjusting lever bolt, shift
the air pump toward the direction of belt
tension, and retighten the bolt,

Caution:

Do not attempt to shift the air pump by
prying its die cast part with a lever,

Pry the rear cover or bolt pin (208, 4M) in
making the adjustment.

3.  Air pump inspection

o Check the air pump operation for abnormal
noise,
o Check the air pump discharge pressure,

1. Connect the air pump tester [09258-14010]
to the hose at air pump outlet,

2. Set the engine at specified speed.

3. The tester should deflect in the green zone.

4, If the tester deflects in the red zone, replace
the pump assembly.
(In case of 2T-C, 20R, and 4M engines)

B, In case of 2F engine, if the tester deflects in
the red zone, close the relief valve outlet with
hand and recheck. Then if the tester deflects
in the green zone, replace the relief valve, |f
it continues to deflect in the red rone, inspect
the air pump and repair or replace it,

Mote
Select and use specified orifice on tester end as
shown in Fig. 89,

Fig. 8-8 Tension Check Points

Table 8-1 Standard Belt Tension (at 22 lbs.)

Engine | e
2T-C 1. Air Punrgy l'uil:-\. W 1.|T||-.I. Puslliey AR A
FT - | Adr Pump Pullisy © Conler Compresaor Pulley  (w/cooier) i 70 b 055
T-C | Cogler Compressor Pilley = Crank Pulley Tw/foodle | 043 o 055"
2R { Auir Pump Pulley = Crank Pullmy LA

MR | Cispler Compressod Pulbey s Crank Pulley  Dwicoolend (i RETIRT
v Aur Pumrp Pulley o Crank Pulley bwio Ve Pusgl i 71 o BES
AM A Pump Pulley Wars Pump Palley b Vane Perg) 11 100,41
2F 1 Aai Pump Pulbey = Fan Pulloy 02 o (U

493 (0,193 ingd)
Orifice (for 2T-C)

#55¢(0.217 ing)
Orifice (for 20R, 4M, 2F)

Fig. 8-9 Discharge Pressure Test

Table 8-2 Discharge Pressure & Engine rpm

Green fone of Tester

Discharge Pressure (2.1 Psi. rinimum]

ol 1800 rpm
Engine rpam AM | 1750 rpm

2F 1450 rpm
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4,

Air by-pass valve (ABY) inspection

[7[ C, 20R, and 2F unglru:ﬁ]

At adhing, the air from the air pump should
pass out toward the check valve (2F) or ASY
(2T-C and 20R).

Hace the engine and suddenly close the throttle
valva,  The air fram the air pump should be
temporarily  discharged into the atmosphere

(20R and 2F) or to air cleaner (2T-C).

Air switching valve (ASV) inspection

[2T-C and 20R l'nlJerr};i

Al adling, the air from the ABY should dis-

charge out toward the check valve,

When the ASY vacuum sensing hose is discon
nected, the air from the ABY should discharge
out toward the air cleaner

Mormal Vacuum

Fram or Check Valve

Pump

From

Pump To Atmosphere

or Air Cleaner

ey W BCULIM

No Vacuum

To Air

Cleaner 4 __ _

Fig. 813 ASV Inspection
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6.  Air switching valve [ASV) inspection
[4M unqlnlr]

»AL adling, the air from the air pump should
discharge out toward the check valve,

o Race the engine and suddenly close the throttle
valve, The air from the air pump should be

discharged out toward the air cleaner,

ASV relief valve opening pressure measurement

As shown in Fig, 8-16, disconnect the hose
between the ASY and check valve at the check
valve end and connect the S5T [09258-14010]
Raise the engine speed gradually and measure
the relief valve opening pressure,

Relief valve opening pressure;

S Relief Valve Opening Pressure
Engine Family

Psi. (kg/cm?)
2T-C, 20R

2.7 10 6.5 (0,19 1o 0.46)

amM 3.7 o 7.7 (0.26 to 0.54)

Check valve inspection

O Make air passage test from the ASY or ABY
[2F) side, There should be continuity toward
the Al manifold side,

a3 There should be no passage of air from the Al
manifold side toward the ASY or ABV side,

MNarmal
Vacuum

From
Pump

To Check h ——

Valve

Sudden

Vacuum To Air

Cleaner

ASY or ABV Side Al Manifald Side

Fig. 8-17 Check Valve Inspection
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9.  Vacuum transmitting valve inspection

[2T-C and 20R engines]

Check 1o see that the air passes through easier
when blow in from the ASY side than from
the intake manifold side.

Intake Manifold Side

10. Vacuum surge tank inspection (20R engine)

Visually inspact the wvacuum surge tank to see
that it is free from cracks or deformation,

11. VSV inspection (4M engine)

Unplug the wiring connector from the WSW
mstalled on the ASV and check for passage
of air through the VSV upper and lower pipes.
Hook on a battery to the V5V connector as

shown in the drawing, or have the engine
warmed up and the ignition switch turned on,

Then check to see that at such time there will
be no passage of air through the VSV upper
and lower pipes,

12. Inspection of tubes and hoses

Inspect the hoses and tubes to see that they
are free from cracks or are not deteriorated, Fig. 8-20 VSV Inspection
Check the tubes and hoses to see that they

are n properly connected state and that they

are not interfering with the other parts,
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Al SYSTEM ELECTRICAL CONTROL INSPECTION PROCEDURE
(20R and 4M engines and 2T-C engine for California)

1. Visually check all hoses and wiring for incomplete or incorrect connections, and damages, and correct
all defects found,

2. Disconnect hose between ASY 10, When coolant thermo sfw Replace thermo
and V3V and connect vacuum No wiring is disconnected and [ e shw
gauge to VSV side. For 4M grounded does gauge deflect
engine, connect pressure gauge [zero-AM)?
as shown in next page,
Yes
3. At cold L [Coular_u iemg. 1. When CCo thermo sensor Replace thermo
below 40°F). start engine. || wiring connector is unplugged, [ ™0 *sensar
Does gauge show zero de-

does gauge deflect (zero-4M)?

flection (Pressure-4M)?

Yes
Yes yﬂeulac& VSV
12, Whan V5V wire connector is No Replace
4, After warming up, does gauge urmlqum;duesgauge GaReg: computer
deflect (zero-4M)7 Mo Izero-AM)
13. When coolant thermo  s/w Replace
Yes wiring connector isunplugged, [ Yes thermo sfw
does gauge deflect (zero-4M) 7
5. Al 4 condition, disconnect
thermo sfw wiring and ground Mo
it. Does gauge return 1o zero
{Pressure-4M)? 14, When CCo wire connector is Yes Replace
unplugged , does gauge deflect thermo sensor
' O3 ?
Yes {zero-4h) «
Mo
6. At 4 condition, short two :
heck .
terminals of CCo thermao sensor " “f:'k. 1[‘:1; A alt TIE ‘: .T;T — Bad —— ?Eﬂa" or raplage
witing connector.  Does gauge | T terminal, s b= LISE OF Wiring

return to zero (Pressure-4i)? 0K :
{CCo equipped vehicles only) _Ef-g""'iﬂemm'f‘ VEv |
Check V5V, (P.1-7 ~1-11)

—OkK ——iﬁnplace computer |

Yes Mo ——|Huplam thermo s/w —l
7. Make road test. Does gauge No |Freulace FOMPACIST J
deflect (rero-AM) at "ON"
range speed and return to zero  |—No —= Check speed sensor. (P.1-4) — Bad —= Replace speedo-
(pressure-AM) at "OFF" speed meter,
range? DK—-IREplaL:e computer _{
Yes Bad Replace defective
1 parts
8. Check CCo thermo sensor re- Ok 9. Check Al system functional 0K Al system
sistance at idling. (P.1-5) parts operation, (P.8-8~8 IHI normal

Mote - —
In case of Inspection 3, the inspection cannot be performed if the coolant temperature does not drop below 40°F
by unplugging the thermo switch wiring connector and grounding the wire terminal, and then perform Inspection 3,
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8-13

@ Coolant Temp. :  below 40°F

Vacuum Gau
& " Prassure Gauge

VSV

[21-¢, 20m

@ after Warming-up

Radiatar 2T-C
Water Qutlet 20R, 4M

®

c2 Disconnect

Disconnact

@ VSV ﬁg‘—-

® _:H‘@@/

Disconnect

2T-C, 20R

Inspection of thermo switch isell must be made later (P1-6)

when the vehicle 1s parked in the shade for more than one hour, |n such case, forcibly obtain the cold condition
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Al SYSTEM ELECTRICAL CONTROL INSPECTION PROCEDURE (Using Checker)

| 1. WVisually check all hoses and wiring for incorrect connections and damages, and correct any defects found.

Connect the checker to inspection connector and WSY connectors.

o Set all checker switches to “VEHICLE™ side, and turn on the ignition switch.,

4, At cold engine (coolant temp, below L Tt O ot i I : it
AC'E). dose Night. 'C* turn o In i not warking properly, replace radiator
9 = (2T-C) or water outlet thermao sfw.

CCo wehicle, does light “D" turn on?

5. After warming up, does light “C" turn

on? In CCo vehicle, does light D" Mo If light “D" not working properly, replace CCo
turn off? thermo sensor.

Yes

. Light 1™ {"J"-20R} is on,

7. Set switch "K' to “"SIMULATION" side.
When dial K™ is turned, does light 1"
(“J"-20R) turn off at "OFF" range speed?

8. Does light 1" ("J"-208) turn off when
switch “MN" is set to “"SIMULATION" side?
Have switch "N returned 1o "VEHICLE"
side (w/CCo vehicle only)

After making sure that

MNo COMpUter wiring connector
is plugged in properly,
replace computer,

¥ g

9,  Connect vacuum gauge to V5V No. 4 Does ASY work
pipe (2T-C) and No. 4 pipe (20R). o properly? No Replace ASV.
Have engine idling, On 4M engine, P.8-9~8-10)

connect pressure gauge on upper pipe I Yes
of VSV for ASVYV as shown in next
e

page. With dial "K", turn on light
{*J-20R) from off state, Does gauge
deflect from zero to vacuum (Pressure
to zero-4M)?

Yes

10. Set switch K" to "VEHICLE™ side and run Mo
at low speed (about 5 mph). Does light
A" flash properly?

Replace speedometer. ]

Yes

11. Set all checker switehes to “VEHICLE" side
and start the engine. MNo
When.accelerator pedal is pumped for about

Replace thermo sensor

or wiring,
a minute, does light “D" go off?
Yes
12, Check operation of Al system functional Al systemn normal

parts. Repair or replace any found defective,
(P.8-8)
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@Eﬂulant Temp. : below 40°F @@ after Warming-up
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Ola] 1zom & ] 12om)
5/000]0e NEEEER
© P © ;
K K
S i1 T v 1= JOTwd v e (w/CCo vehicle only)
@ 65 * 3 mph
e o ([
mﬂ . OFF | ;
— 20 * 3 mph ol |
Ol 4| 120m)
i O 00 edy
ofJ ¥ 2T |
] &) N P |
AR ‘
@ :
: 2T-C, 20R

=|z€)

Qllory asv

L [lord ASY
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AIR PUMP REPAIR (2F Engine only)

The air pump for other than 2F engine s of the type that cannot be disassembled so that in case of troubl

assembly must be replaced.,

Housing Cowver

RAear Bearing
Rotor Ring
Shoe Spring
Carbon Shoe
Vane

Rotor Housing

@ N @ omos W N

Balt

e, lhe

pumgp

11.
12,
13
14,
15,

17.

Rotor Ring Scraw
Rear Seal

Pullgy Plane
Pulley

Key

Lock Washer
Lock Mut

Dowel Pin

Relief WValwe

Fig. 821 Air Pump Components
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RELIEF VALVE REPLACEMENT

Mote -
The relief valve must not be removed unless it is
to be replaced, If it should be removed, it must

never 1o reused.

1. Use 55T [09207-60010] and pull out the relief
valve from the rotor housing,

0929760010

2. Mount SST [09293-60010] on the air pump.

3. Set a wood block under the SST [09293.60010]
50 that the relief valve will be positioned vertically
upward,

4. Using a press and S5T [09296-60010] , force the
new reliel valve into the rotor housing,

Disassembly
1. Mount 55T [00293-60010] on the air pump.
2 Remove the four housing cover bolts,

3. Drive out the two dowel pins toward the front
sicle,

09293-60010

Fig. 8-24 Mounting Air pump

4. Clamp the pulley in a vise over wood blocks or
copper plates,

Ll Remove the six rotor ring screws, and take off
the rotor ring and rear seal.

i, Take out the two vanes, carbon shoes, and shoe
springs from the inside of rotor,

Fig. 8-25 Removing Rotor Ring
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7. If found necessary to remove the rotar or pulley,
clamp the pulley in a vise over wood blocks ar
copper plates, and remove the nut.

Mote

The nut has left-hand threads.

Using SST [09294&&3]&]1 pull out the pulley,
Take aut the woodruff key,

Fig. 8-26 Removing Pulley

Inspection

The disassembled parts must not be washed, Therefore,
use shop towel and wipe off the carbon and grease, and
then blow clean with compressed air,

" .

1. Inspect the inner surface of the rotor housing
for damage and wear.

[« T =TI &

2. Inspect the vanes and vane bearings. 11 defective,
replace the vane assembly.
1f the vane longitudinal dimension [*A" in Fig.
8-27) is found less than 2.35", replace the vang

assembly., Fig. 8-27 Vane Inspection

3. Inspect the carbon shoes for damage and wear,
Check the carbon shoe heights (Fig. 8-28), If "B”
is less than 01807 and “C" less than 0.159%,
replace with shoe kit,

' f
nE

Fig. 8-28 Carbon Shoe Inspection

4. Check the rear seal for damage,

5. Check the shoe spring height (D" in Fig, 8-29],
If less than 0127, replace the spring,

Fig. 829 Shoe Spring Tension
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i Inspect the rear bearing for damage.
If delective, force out the bearing from the rotor
ring with 55T [EIE}?E]'E'J-G{HJID] and press, and
install the new bearing by same method.

Mote
Install the bearing such that the letters on its
outer race will be positioned toward the rear,

7. Inspect the front bearing. If defective, replace the
rotor housing subassembly,

Assembly

1. Apply multipurpose grease on the vane bearings
and rear bearing.

2. Fit the woodruff key on the rotor shaft, and
install the pulley, lock washer, and lock mut,

Tightening torque: 21,7 to 289 ft-lb

3 Mount the SST [09298-60010] on the rotor
housing.

4. Assemble the two vanes into the rotor,

Assemble the shoe spring and carbon shoes in the
positions shown in Fig. 8-32,

o

Mote

Insert the shoe spring and smaller-width carbon
shoe at the side in direction of rotation, and insert
only the larger-width carbon shoe at the other
side

B. Assernble the shoe spring and carbon shoes in
the same manner at the vane at other side.

Mote:
Install the shoe spring so that its curved side will
ke contacting on the carbon shoe, (Fig, 8-33)

7. Install the rear seal and rotor ring to the rotor,
and tighten the screws uniformally.

a. Install the housing cowver,

Tghtening torgque 7.2 to 10.3 fi-lb,

Mote:

In case new carbon shoes had been installed, a
slicing noise may be produced, but after the shoes
are worn-in in about two or three hours, this noise
should disappear.

8-19

Bearing

Fig. 8-31 Tightening Lock Nut

Carbon Shoe [Thicker]

Fig. 8-32 Shoe and Spring Position

Carbon Shoe
%
Rotor

Fig. 8-33 Shoe Spring Direction
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