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Toyota Secondary Air System
Diagnosis and Repair

Vehicle under test
and final repair:
2007 Toyota
Tundra 4.7L SR5
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Toyota Secondary Air System Diagnosis and Repair

Toyota Secondary Air systems are complicated systems that
work in accordance within the engine management systems
and adhere to modern emissions standards. This article offers
solutions/tests that aid in the diagnosis and confirm that the
engine management system is accepting/complying with all
messages/commands from Techstream.

When the complaint is solved, Techstream will confirm

the repair, ordering the readiness monitors set during-final
testing. Techstream messages are easily in view using a DLC
breakout box attached between the DLC, the Mongoose Pro
programming cable, and Laptop/Techstream combination.

If there are any communication errors during diagnosis, the
DLC breakout box can help determine the nature of that error
using a multi-meter and oscilloscope.

NOTE: Regard this Toyota model as a modern and complex
network of controllers that will affect their behavior
dependent on recorded faults. Never program with a DLC box
connected, direct connection only.

Vehicle Identification Manual air injection test

System Select | Stored Data | Engine Live

2007 Tundra
2UZ-FE

S5TFBT54127X

DTC Monitors are Incomplete.
Diagnostic Code:

SYSTEM CHECK INFORMATION (EFI-16-020
AR INJ CHECK - MANUAL

Procedures and tools used:
e DLC breakout box
e Drew Technologies Mongoose Pro
e Windows 7 operating system on a Dell
* Sony Camera
* Wiring schematic - model specific and TSBs - model specific
e Multi-meter and or oscilloscope

Note that this vehicle has high mileage due to its model year
and occasional use off-road because of the nature of the
customer’'s employment.

Step 1) Perform an initial interview to gather the customer’s
concerns as to “who, what, where and when.” Customer
information is all-important to help in the concerns and time
line. The environment and use of this vehicle are equally
important. The task is “Condition, Cause and Correction.”

Step 2) Using a clean/stable power supply attached to the
battery and with Techstream, perform a complete vehicle
scan (KOEO) noting the condition of the vehicle. Save the
initial scan either by images or printouts and delete all
recorded faults.

Step 3a) Depending on the recorded faults,
perform a driving test to attempt to duplicate the
customer’s concerns. Scan the vehicle again and
save any and all recorded faults. Be attentive to
any changes between scans.

Step 3b) In this specific case, the secondary air
system has multiple faults and many of these
conditions can be duplicated in the repair facility
using Techstream and measuring tools such as a
multi-meter or oscilloscope.

Step 3c) Inform the service representative of the
required diagnostic steps and assure that the
customer realizes the time involved to perform
the correct diagnostic procedures and final
tests. Make sure the initial images and prints are

View Monitors
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Data List
Active Test

Primary Faults
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Secondary Air Injection System
Switching Valve Stuck Open Bank

P2442 Secondary Air Injection System
Switching Valve Stuck Open Bank 2
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Toyota Secondary Air System Diagnosis and Repair

System Select | Stored Data | Engine Live

2007 Tundra : -
2UZ-FE DTC Monitors are Incomplete. View Monitors

Diagnostic Code:

-

STFBTS427X Secondary Air Injection System Relay

Po418 “A” Circuit

I Secondary Air Injection System
Switching Valve Stuck Open Bank

) PoA4D Secondary Air Injection System
Switching Valve Stuck Open Bank 2

Primary Faults

available for the discussion. Gather all relevant TSBs for this
year, make and model along with service records if any are
available. In this case, no records existed.

The TSBs are a very good guide for tests and
torque specifications.

Using a Drewtech Mongoose Pro cable and Techstream,
start with the identification and health of the vehicle, noting
the faults that are based on the customer’s concerns with
any other faults that are not known. If the Drewtech CarDaq
Plus, CarDagq Plus 2 or CarDag-M are available, they will both
perform exceptionally well.

The initial faults will not indicate the full story, and additional
tests may need to be performed to find the root cause of
the faults displayed and recorded. Note the original faults. p- Control
Techstream has very good functions built in to test the entire =5 S module
secondary air system, down to the individual component ‘4 s

level. With additional

tools, schematics and Y e
& 5
equipment, the emissions @ . B{—J il
devices can be tested
using the Techstream

functions. The “Utility”
tab can be used as a CH 1 Timebase

CH2
“bi-directional” control ﬂ g E 1@
E

2V

to test the secondary air =
emissions devices. E
AC AC

That function is chosen Mwwwwwwwwwwwawl B | (1

Trigger

Single

v Trg Src Trg Src
as a manual test for

both air pumps and air \ ™
switching valves with e R
the engine running. ®

Ensure attachment to
an exhaust extraction P

system. Pump ON for 5 seconds

PK-PK: 6.80 V
Vmin: -978.67mV
Vmax : 5.82 V
Period: 10.08 s?
Freg: 0.10Hz?
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Toyota Secondary Air System Diagnosis and Repair

Oxidized manifold

In this case, new faults are recorded and, additionally, this
test added the possibility that one air pump and/or relay

is defective. To repeat the test, the ignition key should be
cycled after the wait period has lapsed (30 seconds) and
faults deleted.

There are multiple methods to test if the switching valves
have opened. One is to measure the upstream 0, sensor
for a reaction when the valve(s) and pump(s) are operating
individually, with an oscilloscope. Another is a “first look™
sensor at the tailpipe. The 0, sensor will react with extra
oxygen with an oscilloscope, or the “first look” sensor will
quickly react to air pump pressure and pulses within the
exhaust. Each active test will last 5 seconds.

During the active tests within Techstream, the tests will
measure the current draw of each component, including
pressure sensors, and if the tests pass during an emissions
cycle, the oxygen flow will also be measured by the 0,
sensors. In this case, both banks can be measured individually.

Techstream will drive the individual air pumps and generally
be heard while the air pumps spin. With an amp clamp
(using a meter or oscilloscope), measure the current

and time that Techstream has each air pump activated.
Techstream will activate the air pump(s) and open the air
solenoids for 5 seconds.

The second test for the air pump(s) is relatively simple. The
control module to drive the air pumps is accessible and air
pumps can be enabled with battery power to “spool up” the

TOYOTAtech
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Draw-filed manifold

air pumps. Any

air pump activity
can again be
heard and a noisy/
inoperative air
pump can be
easily diagnosed
with KOEO. Note

any unusual
noises and the Pump 1 negative
location of a connection

suspect air pump.

HINT: Battery power also means that the fuses (50 A) can be
measured and used as “battery power” (both DA3). With the
schematic, apply B+ to each pump (E10 blue wire and D67
white with blue wire). View the next image.

Follow the provided schematic (portion) but print a
matching version.

With Techstream, a schematic, an amp clamp with a meter
or oscilloscope, a good and new pump will look similar to
the next image. The spike is pump ON and the current draw
is active for 5 seconds. The current drop is pump OFF. This
test was completed using the Techstream option. Keep your
notes and values on the matching schematic. Track the
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Toyota Secondary Air System Diagnosis and Repair

progress, tests and outputs as proof of concept and time
spent on diagnosis.

With this waveform, measure the current draw and match
both measurements at each air pump. The image is of a
known new part. This simple test should also prove any
replaced pump active within the system.

In this specific test on this specific vehicle, the air pump at
the RF fender was extremely noisy and the air pump under
the intake manifold had an open circuit. What could NOT be
tested is the ground tab for the air pump under the intake.
The wiring for the RF fender air pump can be tested but it did
spool up.

The air switching valves can be tested with a multi-meter

for open or short circuits (including shorts to the body of

the valves). The control for the switching valves can also be
tested using Techstream for commanded activity to each
valve. The valves can be tested for binding in either direction
by monitoring live data for the pressure sensors. If the valve is
closed, the pressure sensor will not read any exhaust pulses
and the opposite is true when the valve is open.

HINT: With the KOEO, verification for the air solenoid and
control driver is to power each bank and listen for the
solenoid’s perceptible noise.

For bank 1 - Power PIN B6 black with white wire.
For bank 2 - Power PIN B6 black with blue wire.

Also with Techstream, monitor those two inputs when the
vehicle is running with the output test operating. No input =
defective secondary air driver.

The Repair: This specific Toyota required both air pumps and
both air switching valves to be replaced. Each pump has

a different part number and they are not interchangeable.
All' gaskets and seals for the switching valves MUST be
replaced. The intake manifold must be removed to access
one pump (1), the inner RF fender liner requires removal to
access the second pump (2).

Be aware if one or more pumps are suspect with internal
damage; check for debris within the air valves. Check the
metallic connections for other debris or oxidized material at
all of the connections between the air pumps and air valves.

Additional to this specific repair was a suspected coolant
leak as the coolant was about to be drained. At least 2
liters of fluid was added to test for the leak and nothing
was found at ambient temperature after 34 of an hour under
pressure. Minimal cleaning and vacuuming was performed
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Air pump location 2

to remove most of the dirt and accumulated sand/salt to
prevent intrusion.

At the front and rear of this engine model there are two aluminum
crossover manifolds for coolant transfer at both cylinder heads.
Under the rear transfer manifold is where the leak was found
between the cooling transfer manifold, gasket and passenger
cylinder head.

Two images are included and indicate what happens when
routine service is not performed in at recommended intervals.
The used/old coolant attacks the aluminum, seals and
gaskets over time.
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Toyota Secondary Air System Diagnosis and Repair

new/flat/clean quality file used

to “draw file” the manifold

and test each cleaned surface

with a flat gauge. Measure

and test any draw-filed m‘,}’@?ﬁ.:‘c:’%m
surfaces in multiple directions.

The conceptis to only remove
enough material to clean

and flatten the surface for
mating. All surfaces should

be cleaned, polished, and
tightened with the correct
factory torque specifications
during assembly.

The repair is simple, with a Jl

7[DA3] 28[DA1]

Air Injection Control
Driver (Bank 2)

D52(A), D54(B)

This repair also involved

some rodent intrusion and

the engine valley required

cleaning and vacuuming. The

harness also required a visual

inspection but no damage was ~ Schematic AlR system
found and no wiring repairs

were required.

File Function Setup ETAS User Help

System Select | Stored Data Engine Live |

2007 Tundra =
2UZEE Parameter Parameter Unit

Vacuum Pump . K psi(gauge
EVAP (Purge) V3V ] % Air Pump Pulsation Pressure )

3 n
STRDTAMZIRY Svsp Eurge low ] Air Pump2 Pulsation Pressure -2. psi(gauge
Purge Density Leam Value

N/aBF eRRRR R mmi:)g(ah Secondary Air Control VSY

2nd Air System Status
Vapor Pressure (Calculated) mml:)g(ah Alilusl
EVAP System Vent Valve
EVAP Purge VSV
Target Air-Fuel Ratio
AF Lambda B151
AF Lambda B251 ACIS VSV
AFS Voltage B151 ; Catalyst Temp B151
AFS Vaoltage B251 : Catalyst Terp B231
AFS Current B151 i Catalyst Temp B152
AFS Current B251 .0 Catalyst Temp B252
025 B152 H Starter Signal
02S B252 ‘ v Starter Control
025 Impedance B152 | Starter Relay
025 Impedance B252 | ACC Relay
Short FT # i Weutral Position SW Signal
Long FT #1 . Stop Light Switch
Total FT #1 ] A/C Signal
Short FT# i Closed Throttle Position SW
Long FT #2 i Fuel Cut Condition
Total FT #2 Immobiliser Communication
Fuel Syster Status #1 ; 2 Electrical Load Signal
Fuel Systern Status #2 # Codes(Iinclude History)
psi(gauge |MIL ON Run Distance

) Running Time from MIL ON
Time after DTC Cleared
Distance from DTC Cleared

IGN Advance

Knock Feedback Value

Knock Correct Learn Value

Air pump pressure (absolute)

Air Pump2 Pressure (Absolute) ;i F'S'(Q)EL'BE

Kl

L FE Y] i

5306-01 [Engine [18a ms [Default User joLcz

Live Data Cold
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Toyota Secondary Air System Diagnosis and Repair

HINT: Double check all disconnected harnesses for any dirt,
liquid or damage during assembly. Clean the connections when
required and replace any damaged locking connector shells.

Clean any and all rodent debris if evident; clean out the water
drain beside the starter motor and also the air pump negative
connection to the right of the starter motor. Now is the time to
ensure the ground connection is in perfect condition. Check
the starter B+ connection and condition before continuing
with the intake manifold installation.

HINT: The new air pump can be tested before the intake is
assembled. Testing is accomplished directly at the control
module. The second motor can be tested in a similar fashion.
Clean and assemble the intake manifold with new seals and
ensure the tuning portis free.

Note the connection of the air pump harness and ground
connection bolted to the engine block.

Plug ALL open intake connections with shop towels before
any cleaning is attempted.

HINT: In harsh environmental conditions where salt is the
enemy, the salt and sand can bind/stick to the aluminum
components. One very good cleaning method is using a

File Function Setup ETAS User Help
System Select ] Stored Data  Engine Live |

2007 Tundra
2UZ-FE

Monitor Information

Cumulative Monitor - monitor status from the last DTC clear or monitor reset event.

Current Monitor - current monitor trip information.

STFBTS4127X Click the Cumulative/Current column header for more information.

Trouble Codes
Data List

Utility
Dual Data List

Cumulative Monitor ~ Current Momtur

Migfire

Fuel System

Catalyst Efficiency

Evaporative System

Secondary Air System

A/C System
02 Sensor

02 Sensor Heater
Exhaust Gas Recirculation / VT

Thermostat ]

$308-13 [Engine
Readiness Monitor
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Heated Cat alyst

carbide blade or small perfectly sharpened file ground at 15
degrees. Do not scratch, gall or damage the surfaces.

The final polish can be accomplished with an abrasive pad on
a flat surface. This will ensure perfect sealing upon assembly
of the cooling and intake air manifold. At times and in harsh
conditions, some assembly bolts may be oxidized. Clean

and visually pay attention to the thread surfaces. If in doubt,
replace the affected bolts.

If the TSB was followed, an updated inlet tube was also
connected to lessen the amount of dirt and water ingested at
the RF fender location. Inspect that area for impacted dirt and
wash that area with water. Make sure the inner fender liner is
not damaged or any other body part is missing.

After following the service manual, using the correct
procedures and replacing the coolant, Techstream can be
used to verify the repair. In this specific case, all tests passed
and no faults were set. The secondary air monitor also ran in
the service bay.

The best test after filling/bleeding the cooling system is

to monitor the live data at a cold start. At a cold start, the
secondary air system will activate quickly; therefore be
ready with measuring equipment if further testing is required.
Techstream’s live data screen will now indicate the correct

MIL:OFF

__Em-mmmm

Ready ‘ Complete

Ready ‘ Complete

?

Ready ‘Incomplete
Not Ready \ Complete

Ready ‘ Incomplete

Ready
|_Not Ready | Comj

Complete
Complete

Ready ‘ Incomplete Pass

Ready ‘ Cornplete
Not Ready | Complete

Default User
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Toyota Secondary Air System Diagnosis and Repair

operating parameters compared to the defective AIR system
the customer arrived with. Pay attention to that screen but
realize how that data is drawn on the screen.

NOTE: Each value is requested by Techstream and
calculated/drawn into the correct placement. The next

value is requested and again calculated/drawn into the
correct placement. This process will be repeated throughout
the entire screen until the first value is requested again,
repeating the process. Therefore, average all of the values
over time. The speed of Techstream will depend on the speed
of the computer processor and interface used between

the computer and vehicle. Also consider other applications
running in the background. Close them for best results.

During the warm up phase and monitoring the live data, some
of the readiness monitors may begin to activate in the service
bay. Notice in the next image the monitors that set during
warm up phase and up to normal running temperatures.
Within these last images, the entire process may have taken
approximately 30 to 45 minutes to clear the faults and come
up to temperature with some monitors set. This model will
require a final mixed and city road test to complete the
monitors if this vehicle requires an emissions test.

Final: When the customer returned a few days later for a
re-check, it was noted by the customer that “this Toyota has
never run so well” after the repair.

Toyota vehicles will definitely run and behave extremely close
to the factory settings after engine management faults are
repaired when using factory parts and procedures. This model,
along with many others, will exhibit poor performance when
emissions do not meet federal, state, or local requirements.
This is part of Toyota's strategy when it comes to emissions,
and is one positive approach to have the customer visit the
repair facility for the required repair and/or updates.

Attentive owners will certainly appreciate the engine
management system behavior when the faults are correctly
repaired and the car is delivered to the customer in a timely
fashion. “Do it right the first time” and the customer reaction
will be positive towards the service department.

Remember: Gather the following TSBs and support
program; T-SB-0160-11, T-SB-0029-08 and CSB-ZTQ.
Find a suitable schematic. ®
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CAUTION: VEHICLE SERVICING PERFORMED BY UNTRAINED PERSONS COULD RESULT IN SERIOUS INJURY TO THOSE
PERSONS O OTHERS. INFORMATION CONTAINED INTHIS PUBLICATIONTS INTENDED FOR USEBY TRAINED, PROFESSIONALAUTO
REPAIR TECHNICIANS ONLY. THIS INFORMATION IS PROVIDED TO INFORM THESE TECHNICIANS OF CONDITIONS WHICH MAY
OCCUR N SOMEVERICLES OR T0 PROVIDE INFORMATION WHICH MAY ASSIST THEM IN PROPER SERVICING OF THESE VEHICLES.
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