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One of the chief benefits of previous experience
with a pattern problem is the ability to make short
work of its diagnosis. The effort you put in struggling
through your first couple of exposures pays dividends
on subsequent encounters. Once a system is committed

. - to memory through first-hand experience, you can
Paul gets to enjoy practlc- diagnose with just a quick skim of the manual, or

0 . - = " maybe no reading at all. When a familiar pattern
g his old f ashioned sol begins to emerge, you’ll know what to do and the

dering skills and saves his quickest way to do it, giving you a distinct advantage.

customer lots Of money. Faster diagnostic time can mean more money for

you, or your customer, but usually a combination
of both. Charging less and earning more is a win-
win. You're a hero to your customer, making good
profit, and everything is good in the world.

by Paul Cortes

So, when you see a P3006 (Battery levels unusually
different) for the umpteenth time, it may be tempting
to skip over the relatively easy diagnostic steps,
and use an even easier self-created flow chart:

. Is P3006 stored? Yes.
. Is Delta SOC% over 20%? Yes.

. Must be a bad battery
pack, because that’s what
it has been the last 20

times I’ve seen a P3006.

. Diagnosis done. Profit!

. D52 . .
1 y If you have no idea what P3006 is, or what Delta
, - 4 BTk SOC% means, don’t worry. I'll be briefly explaining the
RS4 L% 4 % 4RE4E R 545 basics P3006 diagnosis, then exploring one of several
REIS i) i 0 AgAD cases where being a little too arrogant and lazy could

have taken me from hero to zero pretty quickly.

A QUICK REVIEW OF
THE BASICS

el i The Genl1 Prius has a 274V battery pack made up of
38 7.2V batteries wired together in series. Battery voltage
is monitored every two batteries, and can be viewed
in the Datalist as battery blocks 1 through 19. Current
flowing to and from the battery pack is monitored

i1 rRE16- oL ] Gl T Tneso
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with a current sensor, and battery temperature is
monitored with five temperature sensors inside the
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P3006 DIAGNOSIS ON THE GEN1

battery case. The Battery ECU uses these primary
inputs to determine the batteries’ state of charge
and state of health, and then shares this information
with the HV ECU to help guide its decisions.

P3006 is a common trouble code for the HV
Battery ECU. It usually occurs somewhere beyond
100,000 miles on the Genl1 Prius. The newest of the
Genl Priuses are now nine years old, so almost all
of them are candidates for HV battery problems.

Typically, a P3006 will be accompanied by a
P3000 in the HV ECU, and a P3011-P3029 in the
HV Battery ECU. The P3000 is usually only an
indication that there is a trouble code stored in
the HV Battery ECU, so when both a P3000 and
a P3006 are stored, I tend to ignore the P3000.

P3011-P3029 are codes that point to a specific
battery block that is bad. A battery block is two 7.2V
batteries tied together in series and monitored as a
block by the HV Battery ECU. Attempting to replace
an individual battery block is futile. I was told this
long ago by a fellow who knows more than I do,
and chose to ignore it. If you enjoy Whack-a-Mole,
go ahead and experiment for yourself. Focus on the
P3006, and think of the battery pack as a whole.

THE "NORMAL” DIAGNOSIS

There have been several articles (including my own),
as well as classes, where P3006 diagnosis has been
discussed. Since the information is already out there, and
this article is focusing on the exception to the common
diagnostic conclusion, I'll keep this section very brief.

Diagnosis of a P3006 is basically a load test of the
battery pack. The load for the test is provided by MG2,
the main motor/generator that captures power during
regen braking, assists or provides power for forward
movement, and is the sole provider of power in reverse.
The battery is loaded by putting the car in reverse,
and stepping on the gas and brake at the same time.

Just as in a standard battery load test, the voltage
is monitored while the battery is under load, but
instead of monitoring the total battery voltage, the 19
individual block voltages are monitored. The idea is
that if all of the cells have equal capacity, their voltages
should remain similar while being subjected to strain.

To make simultaneously monitoring 19 PIDs easier,
the HV Battery ECU has two PIDs to make the job
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more human-friendly: BATT BLOCK MIN V and BATT
BLOCK MAX V. These PIDs represent the highest
measured block voltage and the lowest measured block
voltage; they do not correspond to any particular block
number. For example, the MIN V may be the voltage
reading for BLOCK 1 one moment, and BLOCK 12

the next. This provides an easy way for a technician

to monitor the spread between the block with the
highest voltage versus the block with the lowest voltage
without trying to scan 19 PIDs at the same time.

The maximum separation between the lowest and
highest block usually occurs at the end of the load
cycle, which is about 40% SOC (State Of Charge).
When the battery SOC% reaches 40%, the ICE
(Internal Combustion Engine) will start using MG1
to recharge the pack. So the test goes like this:

1. Set the Techstream up to record
the HV Battery ECU PIDs

2.Ready the car and put it into reverse
while holding the brake.

3. Wait for the ICE to stop (usually
around 60% SOC)

4.Step on the accelerator to load the battery
pack until the ICE starts again

5.Graph the recorded data and check the
spread between BATT BLOCK MIN V
and BATT BLOCK MAX V. It should
not exceed 1.2V and is usually less.

Delta state of charge, listed as DELTA SOC% in
the data list, is the difference in the calculated state
of charge between the lowest pair of batteries and
the highest pair of batteries. This PID represents the
highest difference measured, not the current difference.
Delta state of charge PID starts at 20%; differences
under 20% are not displayed. DELTA SOC% should
always be 20% if the battery pack is healthy.

ATYPICAL PROBLEMS

That covers the basics of “normal” P3006
diagnosis. Now, let’s take a look at how
P3006 diagnosis can get a little tricky.

So, when is a separation between the minimum
block voltage and the maximum block voltage not a
problem with the battery? Well, have you ever made a
bad connection with the test lead of your voltmeter?
A bad back-probe connection can really screw up a



This graphed data is from a typical bad battery pack.

DIAGNOSTICS - HV BATTERY CONTROL SYSTEM
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Toyota calls a sudden jump and recovery in battery voltage a
swing. A voltage swing should not exceed 2V. If it does, Toyota
says to replace the HV battery ECU.

diagnosis! The HV Battery ECU is monitoring block voltages via
sense wires, which are much like the leads on a voltmeter. A bad
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connection on the bus bar or in the HV
Battery ECU will fool it into believing the
pack has a problem. A smart tech will always
confirm a failed test by testing in another
way. The HV Battery ECU is not that smart.

The difference between a bad battery and
a bad connection can be observed from the
comfort of the driver’s seat using the same
data and graph created for P3006 diagnosis.
What we’re looking for is large jumps in
the MIN BLOCK or MAX BLOCK voltages.
Little jumps in battery block voltages are
normal. Remember that the MIN and MAX
blocks are not real physical blocks, and the
voltages will jump around a bit as it shifts
from one block to another. However, large
rapid jumps usually indicate a connection
or ECU problem, rather than a battery
problem. Toyota’s flow chart does not
acknowledge the possibility of sense wire
failure, but it is one of the more common
of the atypical causes of P3006 codes.
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SAVE MONEY; DO IT YOURSELF

The following is a photo journal of an HV Battery ECU repair.

The Genl Priuses had trouble with leaking electrolyte
around the terminals. The HV batteries were recalled,
removed, disassembled, cleaned, and resealed with
varying degrees of success -- I would call this effort
unsuccessful. There is heavy corrosion on the bus bar

that ties the batteries together in series, but more Sometimes the sense wires will erode to the point
importantly in this case, there is heavy corrosion on where the eyelet breaks. The eyelets on this car all
the sense wire. remained intact. Was the corrosion alone enough to

cause an inaccurate reading?

The electrolyte had traveled all the way down the sense wire through the insulation and caused the female blade
connector on the other side to turn green. The bus bar and sense wires are available for purchase separately, but
would that be enough to correct the problem?
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... and into the HV Battery ECU. It’s worth noting how well the gold-plated terminals faired. Unfortunately, the gold
plating only covers the contact area, and does not continue on into the ECU.

After removing the ECU cover, it was pretty clear that at least one of the pins is badly corroded. A little bit of
scraping reveals that there is no metal left under the clump of corrosion. Time for a new ECU, or is it?
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This is a nine-year-old car. The battery should be replaced regardless of how it performs after repairs. The
leaking terminals are going to cause problems even if the battery itself tests OK. An HV ECU and an HV battery
will exceed our customer’s financial tolerance -- “Can’t we do anything cheaper?” I love fixing stuff rather than
slapping on new parts, so I'm game! It’s time for some hacking. First, I de-solder and remove the blade connector,

then I drill a hole for a wire.

“Green wire” is a method of repairing or modifying
circuit boards and is usually reserved for prototypes.
Traditionally, green wire is used so the repair blends
in with the circuit board, making the screw-up less
obvious. This repair is going to stick out like a sore
thumb no matter what, but that’s okay because it
probably should so future techs can easily spot it. T
soldered the wire into the circuit board and ran it out
through the hole I drilled in the connector.
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Ready to install after reassembly, then scraping and
cleaning the other terminals.

The HV battery comes with a new bus bar, which

is a good thing. The old one was beyond repair. I
removed and snipped the appropriate terminal from
the connector, then threaded the wire through the
connector. I saved the female terminal and taped

it to the ECU, just in case my repair ever fails and
installation of a new ECU becomes necessary.




A bit more soldering.

Above: Followed by heat shrink.

This type of repair might not become very
popular, and that’s probably for the best, but it is
a lot of fun to actually fix things on occasion.
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