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"Hybrid Vehicle Issues And Fixes”

Hybrid vehicles have been on our roads since the model
year 2000 and are now developing problems just as non-
hybrid vehicles do. In this article, we will cover a couple
of hybrid vehicles that we've diagnosed and repaired.
Let’s start with the first hybrid vehicle that hit U.S. roads,
the Honda Insight. The Honda Insight is not a real com-
mon vehicle, but its hybrid system was the foundation
that is still used today on the 2018 Acura NSX.

The Problem Insight

This 2001 Honda Insight (Figure 1) came in with a code
"78" Honda DTC (Figure 2) that translates to a P1449
(High Voltage (HV) '
Battery Deteriora-
tion). This common
code is related to
Honda’s weak link
in the IMA system
— the HV battery.
The HV battery
used on this vehicle is a Nickle Metal Hydride cylindrical
cell that has had issues maintaining a balanced charge.
Since our problem vehicle is an Insight that only has a 3-
cylinder ICE, it is important that the HV battery does its
job in supplying power to the overall powertrain output.
(Con’t on page 2)
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"Hybrid Vehicle Issues And Fixes” (con't from p. 2)

The owner of the problem Insight normally does not start or drive the vehicle
for over a month. She arrived at our shop complaining of a loss of power and
the check engine light illuminated. We performed a visual inspection after
speaking to the Insight owner and found a gym bag behind the right front
seat. Normally, no big deal, but on a Honda Insight Gen 1 this is where the
HYV battery vent is located and the bag was blocking air flow to the HV
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battery. We showed the Insight owner where the vent was located and asked
her not to place her gym bag behind the passenger seat anymore. I explained
that blocking the vent was causing the problem with the HV battery. I told
her that the HV battery needed to be cooled or it would be damaged.

Next, I opened the Insight’s hood and proceeded to show her the HV battery
label (Figure 3) that states the 144 volt HV battery can become damaged if the
vehicle is not driven at least 30 minutes a month. Since the Insight owner pur-
chased this vehicle used about 3 years ago she did not receive any infor-
mation on how the vehicle operated. She, like many of our customers,
thought that you just get in and drive the vehicle like any other.

(Con’t on page 6)
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What is TST?
TST is a group of dedicated technicians and instructors committed to
the continuing education of our fellow technicians. We provide train-
ing seminars to technicians at a reasonable price. TST brings our
members nationally known instructors and state of the art training.
Our Goal & Mission Statement

e Keep our fellow technicians up to date with the latest technology.
Provide training seminars for a reasonable price.

Deliver information that the technician can use now.

Keep technicians informed of information affecting our industry.
Increase consumer awareness of what a good technician is.

Why join TST?

TST membership includes special pricing on weekday night sem-
inars and the occasional full Saturday seminar. With a $75.00 year-
ly membership, the seminars are only $50.00. TST seminars are
NOT sales or product seminars. The instructors that TST brings in
are all “hands-on” industry experts with up to date, cutting edge
knowledge that you can use in your shop the next day. That’s 75 dol-
lars for a seminar in which you are able to learn something useful,
for fixing those tough jobs that we all see on a regular basis. Our in-
structors are masters at making the complex understandable. Mem-
bership also includes a newsletter full of real world technical articles,
diagnostic case studies, and solutions to the kinds of problems you
see in your bays each week.

The following are some of TST’s regular instructors:
Bernie Thompson of ATS

John Thornton of Autotrain Inc.

Wayne Colonna of ATSG

Jorge Menchu the “Labscope Guru,” AES Wave
John Anello of Auto Tech On Wheels

Mark Warren of World Pac / Motor Magazine
Bob Pattengale of Bosch

Peter Meier of Motor Age Magazine

Ken Zanders of Illinois Air Team J
"G" Jerry Truglia of A.T.T.S. Inc.
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"Hybrid Vehicle Issues And Fixes” (con’t from p. 2)

Next, I opened the Insight’s hood and proceeded to show her the HV battery
label (Figure 3) that states the 144 volt HV battery can become damaged if the
vehicle is not driven at

least 30 minutes a NO\CE TR ooah R e _-‘

month. Since the In- it ths vehicle is unused. for over one month, the service life of the I44V Nickel- Metal |,

Sight owner pur chased . Hydride battety will be reduced “and the hamw may be permanently damaged.
| *Drive the vehicle for-at least 30 minutes a month to charge the 144V hattery;

this vehicle used about
3 years ago she did not
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hke many o f Our cus- Ueatian ol asth mm, ﬂisn;:al T:l‘!'nr:l:‘l‘iu:m‘h at | 800-555- 3491 for h;mﬂln; and

tomers, thought that
you just get in and drive the vehicle like any other.

After performing a diagnosis, we uncovered an out of balance HV battery so
we tried the easiest fix first and performed the MCM (Motor Control Module)
Reset. This reset re-
quires starting the en-
gine and holding the
RPM at 3500 with no
load (in neutral) until
the IMA Battery Level
Indicator (BAT) on the
gauge displays a nor- :
mal level. Since this HV | ’” 4
battery was so far out of |
balance, we performed
three MCM resets only
to find that there was
little to no improve-

¥

ment. The next step was to recommend and perform a HV battery recondi-
tioning. (Con’t on page 7)
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"Hybrid Vehicle Issues And Fixes” (con’t from p. 6)

The process of reconditioning an HV battery begins with removal from the ve-
hicle and cleaning all the vents in the HV battery case. Then we connect the
HYV battery to our reconditioning machine and set it up for discharge and
charge cycles. The HV battery sticks are connected to the NuVant EVc-30
(Figure 4) in parallel. This type of connection ensures that each battery stick
(which contains 6 D-size cells) can accurately be discharged, charged and fin-
ished to the correct battery level. The NuVant EVc-30 HV battery unit is oper-
ated by a PC that graphs and compares all the different sticks, so the user can
see if any stick needs to be replaced.

ou need to know that the HV battery in this vehicle had been replaced by
Honda three years prior under warranty, making it a good candidate for a
battery reconditioning. If a battery is more than 10 years old, it’s life as a vehi-
cle battery has come to an end and it needs to be replaced. This is true of all
NiMH (nickel metal hydride battery) packs that are over 10 years old.

After the NuVant EVc-30 battery unit discharged and charged the HV battery
pack for six plus hours, the Insight battery pack came back to life. The next
step was to install the battery pack in the Insight, clear the DTC and test drive
the vehicle. We kept the vehicle for two weeks since the vehicle owner was on
vacation, providing us additional time to make sure the Insight was back to
normal. Now the Insight was running great along with an educated hybrid
owner who understood to put her gym bag somewhere else so the HV battery
could get the cool air it needed to stay healthy.

Ford Escape Hybrid Problem

Our next hybrid issue is a 2008 Ford Escape with 110K on the odometer. It had
a bunch of problems preventing it for being driven to our shop. We got this ve-
hicle through a recommendation from John Anello, also known as the Au-
toTech On Wheels. He had diagnosed a no-start issue for the Escape owner,

who had the vehicle towed from New Jersey to our
(Con’t on page 10)
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"Hybrid Vehicle Issues And Fixes” (con't from p. 7)

shop in New York based on John's referral.

The first thing I checked was the HV inertia switch since the vehicle had a no
start condition. I found the inertia switch in the normal state and also found
the shut off/service plug installed correctly. Since they were both in their nor-
mal state, my next step was to perform a visual inspection of the remaining
HV components. I followed that up with connecting the Ford IDS scan tool to
check for DTCs and PID information.

Select Option Battery Control Module
P0A95-20- BCM >
POAAG-60- BCM o
. | Description - POAAG6
B1016-20- BCM |
Hybrid Battery Voltage System Isolation Fauit
B1342-20- BCM L
B1318-20- FCIM o Stotus:=fl
12023.20- IC N i No Additional Fault Symptom Available for this DTC
DTC present at time of request
U2511-20- IC »
MIL Off for this DTC
P0685-FF- PCM >
Test Complete
P1000-FF- PCM >
AR o , | |Diagnostic Protocol - CAN m
2 i Select | button help for additional information on CAN DTC structure
Optional equipment Modules
A
Fail - PAM >
Fail - SDARS > .
L (Figure 5)

The scan data revealed over eleven DTCs (Figure 5) but the one that attracted
my immediate attention was a POAA6-60 (High Voltage System Isolation
Fault) DTC. This was the main cause of the no start condition. When you en-
counter a hybrid vehicle that displays an isolation fault, you could be in for
big problems. Since this Ford Escape does not have an electric air condition-

ing compressor I could rule out the isolation fault being caused by an A/C
compressor that had been contaminated with PAG oil. My next step was to
look at scan data for the HV battery and see if the scan tool data would reveal

anything else besides the POAA6-60 DTC.
(Con’t on page 11)
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"Hybrid Vehicle Issues And Fixes” (con't from p. 10)

I found that the HV battery pack (Figure 6) was at a 0 percent and R_LeakN
and R_Leak P at 1 Mohm of resistance that was off the scale indicated by a
blue dot at the right side of the data PID. The battery pack voltage was down
to 247.13 volts, very low since it should be somewhere in the 300 volt SOC
(State Of Charge) range. The average SOC at 0 percent, but yet the Bath-
Pac_Stat stated OK along with one CCNT_BCM DTC. I now knew this was

i 1DS10005 [= & =]
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going to be a big mess after reviewing the scan tool data. I had never come
across a Ford Escape hybrid with so many issues. Ford took their time mak-
ing sure they built a robust hybrid, so they could launch their way into the
hybrid business. I should also state that this is a second generation Escape hy-
brid that if anything was an improvement over the Gen 1 models.

With my work cut out for me I started with the service disconnect fuse
(Figure 7) that I checked carefully, discovering an issue with it. Looking at the
fuse I notice it had a black stain on the white band that I had never seen be-
fore. Knowing that the fuse condition was not normal even though it had

continuity, I knew there had to be something that caused (Con’t on page 14)
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"Hybrid Vehicle Issues And Fixes” (con't from p. 11)

this issue, such as low electrical resistance that caused too much current flow. I
moved the service plug disconnect in to the Service Shipping position then
proceeded to remove the HV wires from the right side of the HV battery pack. I
followed that up by removing the HV wire connector from the motor generator
that is located under the air filter box on the left front of the vehicle. With both
ends of the HV wires disconnected I could now use my Fluke 1587 Meg Ohm
meter to check the wiring. You can see what I saw in (Figure 8). One of the pins
of the HV wire was burnt and missing.

his now led me to believe that
here was one serious problem
fithat I have never seen before.
As I continued checking the
rest of the HV system out I
found that the HV MG/
ransmission, inverter and the
onverter wires had also been
ffected. Remember that this
hybrid was at another shop
before it was towed in so I
could not be sure what was
done or touched before I
checked it out. To burn the
main HV fuse and the wire
connector, there had to be a
major event that caused so

inverter cover from the traction
motor and found that the unit
had had an electrical melt
down (Figure 9). This now made sense why the main HV

wire from the HV battery to the traction motor had a (Con’t on page 20)
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"Hybrid Vehicle Issues And Fixes” (con’t from p. 14)

completely burnt terminal. Since the traction motor and inverter were toast,
most likely the converter was not in good shape either. My next step was to
check the HV wire from the traction motor to the converter with the Meg
Ohm meter. My testing revealed that the wires did not meet the required
specifications, so they also needed to be replaced.

I priced out all the parts and called the vehicle owner to explain what would
be needed to get this hybrid back on the road. Since the traction motor and
converter could be purchased from a salvage yard, this would help keep the
cost down. The fuse alone for the HV battery is only sold as a one-piece ser-
vice disconnect unit from the dealer for $855. The high voltage wires from the
HV battery to the traction motor were over $1,300 and the wire from the trac-

tion motor to converter was about $490. (Con’t on page 21)
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"Hybrid Vehicle Issues And Fixes” (con't from p. 20)

A used traction motor was difficult to find but I found one that had only had
45K on it for $500. I continued to do a bit more research online finding that
LKQ had a used converter for $150 making the repair parts somewhat rea-
sonable. Since the service disconnect was so expensive from the dealer I de-
cided to look for a used HV battery from LKQ online. I only saw one of them
had the service disconnect plug pictured with the HV battery. I emailed LKQ
inquiring about the HV battery that had 250K on it that was being sold with
the service disconnect connector that listed for $500. With all the parts lined
up and priced out, I just had to add the labor to come up with a total price for
the repair. As you can imagine this was going to be one expensive repair for
this hybrid. I called the customer with the estimate and explained that the
price to repair the vehicle.

When the owner arrived at our shop I showed him what we uncovered and
explained what would be needed to get the hybrid running again. The own-
er, Harold, explained to me that he had just spent over $800 at the other shop
in New Jersey and another couple of hundred plus bucks getting the Escape
towed to me. I felt really bad for Harold because he was such a nice guy that
was also going through chemotherapy treatment. After showing him what
the vehicle was worth with 110K miles on it, he realized that it would not be
worth repairing. He offered to pay my fee of $1,200 and said he had to de-
cline repairing the Escape because of his financial and health situation.

Feeling bad for Harold I offered him some money for the vehicle, along with
waving the charges for my diagnostic and components testing. Harold was
extremely happy that I made such an offer and sold me the vehicle. I thought
what the hell did I just do, the work and money involved to get this hybrid
up and running was going to be extensive. The only saving grace was that I
helped a person in need along with having a good project on a major hybrid

problem.
(Con’t on page 24)
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ateqg-tpms.com QOODO
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"Hybrid Vehicle Issues And Fixes” (con’t from p. 21)
Repairing the Escape

Our next step was to consult the SI systems and read through ALLDATA,
ProDemand and Moto Logic for the recommend removal of the traction mo-
tor. The HV wiring was a no brainer-just time consuming because we would
have to remove the HV wire from the HV battery that runs along the uni-
body of the vehicle to the firewall and on to the traction motor. The HV wire
from the traction motor to the converter was not going to be that hard, but
the inverter/MG removal and installation would make up for that. With a
game plan in place we ordered all the needed parts and proceeded to remove
the engine and transaxle/MG assembly.

2

On this Escape hybrid along with many other modern vehicles, the engine

and traction motor is a bottom drop (Figure 10).
(Con’t on page 25)
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"Hybrid Vehicle Issues And Fixes” (con't from p. 24)

The first thing we do when removing any transmission, engine or differential
is to strap the vehicle to the lift using heavy duty ratchet straps. This ensures
that the vehicle will not move when any heavy component is removed. Safety
is an important part of the job, we like to go home at night all in one piece.

Once the engine and traction motor were
& removed we disconnected the traction
motor from the engine and installed the
engine on our engine stand (Figure

11). We made sure to check the engine
over, cleaned and tighten all bolts along
with replacing spark plugs, thermostat,

! valve cover gasket, etc. while the engine
was out. With everything out of the way,
. : we removed and installed the HV wires
from the HV battery to the traction motor. We waited to install the inverter to
converter HV wires until we installed the engine and transaxle. The installa-
tion of the ICE and traction motor generators went well since we had every-

thing planned out and ready to go back in.

With all the heavy lifting out of the way the next step would be to program
the vehicle since the traction MG inverter unit had been replaced. I used the
Ford IDS factory scan tool then proceed- pz==

ed to program the unit (Figure 12) since I
the traction control unit is on the CAN
Bus. The vehicle would need the security | * ' e
update, aka PATS system programmed, |l

or the vehicle will not become Ready
and start. The programming was suc-
cessful, so we started the vehicle up to — "

make sure it ran then shut it down. We . igure 17)
changed the oil using synthetic oil and filter followed by replacing the invert-
er pump as a precautionary measure.

(Con’t on page 26)
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"Hybrid Vehicle Issues And Fixes” (con't from p. 25)

The inverter pump is the heart of the HV electronics cooling system and is a
weak link that can cause major problems. We installed the required Ford Mo-
torcraft coolant/antifreeze both into the HV and engine cooling systems using
Airlift followed up with the coolant burping funnel. One of the last tasks that
needed to be performed was a HV battery rebalance. The rebalance of the HV
battery was desperately needed since the HV pack was so out of specifica-
tion. With all task completed it was time for a good test drive followed by
performing a full system scan (Figure 13) to make sure that there were no is-

sues. Since everything came up normal we started using the vehicle as a shop
R e  a  me R g

|Baﬁery Pack State of Charge (SOC)

loaner without encountering any issues. We recently loaned the Escape Hy-
brid to one of our good customers who lives in Ohio. The Escape hybrid av-
eraged 30 mpg and now has about 158k on it without issues.

In closing I hope that these two stories from the bays helps you diagnosis and
repair hybrid vehicles. One quick note, please make sure you get the proper
hands on training and have all the required equipment before you start
working on hybrid and electric vehicles. Be safe and smart!

Article By
"G" Truglia
TST Founder and President
ASE World Class Triple MasterL1, L3, F1, A9, X1 C1, Technician
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ESCOPEELITEH

Electronic Lab Scope 4 Channel
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*  Electronic Lab Scope 4 Channel »

€©SCOPE ELITE4 (ESL3100)

eSCOPE ELITE4
with Surface Pro 4 Tablet
(ESL3000)

eSCOPE ELITE4
Handle Articulation

©SCOPE ELITE4 - 4 Channel scope

» Capture All Data: ATS' unique circular buffer system does not drop data.

» Ultra Sharp Waveforms: No need for filters that can mask data. ATS designs our scopes so the signal is
accurate and clean.

» Dual Time Base: This allows two different frequencies to be displayed on one screen with two different scope
displays, simultaneously.

» Pull Down Circuit: A Controlled pulse that sinks power from vehicle circuit to ground. Control circuits like ignition
coils, fuel injectors and solenoids.

» TTL Output: Sends a 0-5v square wave signal out of scope. Turn on devices such as ignition coil drivers, test
vehicle's circuits, and test vehicle's circuits for loading.

» Automatic Test Lead Connection Detection: This unique feature allows you to know the scope lead has a good
connection. “Red"= Bad connection. “Green"= Good connection. It's that easy!

» Patented Overlay Technology: ATS' unique programming overlays an engine cycle grid over your waveforms.

» Automatic voltage attenuator: Just change the voltage setting and the scope does the rest.

» Deep Record Function: No time, voltage, or trigger setup needed.

» Pressure Transducers: Drives four pressure transducers at once.

ATS|AUTOMOTIVE www.atsnm.com 1.800.572.6112

Test Solutions
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Finally...

A Cleaning Solution That Actually Works!
1.6L Turbo Mini Cooper at 83,000 miles

Before Cleaning After Cleaning

Intelligent
Induction
Cleaner

Patent Pending

3C Intelligent Induction Cleaner (Patent Pending) removes heavy carbon
deposits from the internal combustion engine’s induction system in just 20 minutes.

Air Assist Injection Nozzle (Patent Pending) delivers chemical in small droplets
that are suspended and carried to the carbon deposits by the engine’s air flow.
This air assisted nozzle is superior to any other nozzle available for carbon removal.

Chemical Layering (Patent Pending) removes more carbon because it alters the
application of chemical mixtures between chemical A and Chemical B in on/off
cycles, then washes the induction system with Chemical C.

Micro-Burst Injection Technology (Patent Pending) delivers the maximum amount
of chemical during the cleaning process while still allowing the engine to run well.

3C Chemical A, 3C Chemical B, 3C Chemical C (Patent Pending) are laboratory
proven to remove more carbon weight from different carbon types than any other
commercially available induction carbon cleaning chemical, while having a low
HMIS heath rating of (2).

ATSICHEMICAL  atschemicals.com 800.572.6112
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Technicians Service Training

Presents
"The Sixteenth Annual TST Tech Training Big Event"

ONLY $110.00 TST MEMBERS - NON-MEMBERS $160.00 FREE Android Tablet
— 3 Training Seminars - Hot Breakfast — Lunch — Snacks through the day and a Chance to Win
Some GREAT Tools (Thanks to our generous sponsors, we can keep the cost low!)

Featuring:

1. Kris Lewis — ATG "'Direct Injection & Systems Diagnostics"*
2. John Anello — ATOW "Advanced Driver-Assistance Systems (ADAS)"'
3. John Thornton —Autotrain, Inc. "In Cylinder Pressure Transducer Diag"
4. Vin Waterhouse — The Waterhouse Group "'Keynote Speaker"'

Topic 1: ""Direct Injection & Systems Diagnostics"'

Gasoline Direct Injection (GDI) is simple in design but difficult to diagnose. This is why ATG has adapted a ‘High
Level Indicator’ approach for ruling out possible causes before parts come off. This seminar was built by analyzing
actual diagnostic struggles and documenting the shortest diagnostic paths for these systems. Because of this practi-
cal approach, you won’t be buried in useless engineering detail — only useful facts that you can measure and that

will help guide your diagnostic path.

Kris Lewis: Kris brings a unique combination of experience to teaching, including ‘almost everything’. In addition to decades in a shop
focusing on drivability and electrical, he worked with an automotive radio program and mentored many technicians through in-shop train-
ing before transitioning into local training and a hotline service in the mid-2000s. In 2011 Kris joined The Automotive Training Group as a
part time trainer. Since then he has traveled the US and Canada delivering ATG training seminars, focusing on practical strategies that he
feels are best learned through great interaction with the audience. Kris is the of Director of Training since 2016 and is a ASE Master L1
A9.

Topic 2: ""Advanced Driver-Assistance Systems (ADAS)""

This seminar will familiarize you with information on current and future vehicles. System information and a high
energy presentation with a detailed case study.

John Anello: John owns "Auto Tech On Wheels" his passion for automotive vehicles has driven him to work on cars for close to 40 years.
John’s business provides repair garages with on-site diagnostic support for problem vehicles in their shop without having to tow the vehi-
cle to a dealership. In the last 24 years my business has grown to support 1200 plus repair shops, 400 body shops and 50 transmission
shops. ASE Master L1

Topic 3: "In Cylinder Pressure Transducer Diagnostics™

Today, in-cylinder pressure transducers are changing how technicians evaluate the mechanical condition of an en-
gine. John will discuss how to interpret cranking and running compression patterns captured by an in-cylinder
pressure transducer. Both good and bad will analyzed. Exhaust path restrictions, intake path restrictions, cam tim-
ing issues, leaking valves, broken valve springs and much more.

John Thornton: John operates a mobile diagnostic business in the Chicagoland area. John assists his repair shop customers with both en-
gine and transmission driveability concerns, module programming, BUS communication issues, and electrical diagnosis. John has over 30
years of diagnostic experience and is an ASE certified Master Technician with L1 certification.
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Be a part of the LARGEST Electronic Handout Automotive Seminar in the Country!

Includes: a FREE ANDROID TABLET loaded with 3 full color Manuals and
Newsletter. Also included is Food, Vendors and Tool Raffles.

DATE: Saturday, March 30™ 2018 at 8 AM to 5 PM
(Check in - food at 7:00 am)

PLACE: Westchester Marriott
670 White Plains Road
Tarrytown, NY 10591
800 882-1042
Vendors (last year we had over 30 GREAT vendors)

A chance to win some AMAZING Tools *(last year we gave away over
$50,000. In tools! One tool was worth $24,999.) You must be present to win.

COST: ONLY $110.00 TST MEMBERS

NON-MEMBERS $160.00
After January 31™ $125.00 — $175.00 After February 24™ $150.00 - $200.00
March 18" Registration CLOSED- No Exceptions
Sign up on-line or
Make checks out and send to TST:
11 Lupi Plaza, Mahopac, NY 10541
845 628-6928
Register early to save your spot!

This event will be presented snow, rain or shine, NO REFUNDS!

Check our website www.TSTseminars.org

Our goal is to keep our fellow technicians up to date with the latest technology!



