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CalCars PRIUS+ Tech Posts

Updated May 24, 2004

This is a consolidation of principal posts on several Yahoo Groups about technical experiments to:

* modify the 2004 Prius to enable the EV-only button (currently officially supported by Toyota only in Europe and Japan) 
* add batteries and ultimately

* give a grid-charging capability to Priuses (without changing anything about the Toyota-built control systems). 
The earliest posts are mainly about the button, and the discussion moves on to first efforts at adding batteries, then to battery types, charging and interface issues.

Some are general; some details will appeal only to those who are highly technically-oriented.
For more resources, see http://www.calcars.org/priusplusdetails.html
Feel free to request a current copy with more recent posts from Felix Kramer, mailto: kramer@calcars.org,  founder, California Cars Initiative, http://www.calcars.org
http://autos.groups.yahoo.com/group/2004-prius/message/34613

From:  "mwbueno" <wbrown@p...>  Date:  Sat Feb 7, 2004  3:20 pm 
Subject:  EV Mode Programming is ALIVE & WELL in US Prius! Folks,

With the help of a very good friend in Europe (I'll share his name when he says OK to do so), I have managed to hook up an EV Button in my '04 and it works!!! Yeah!!!

HOOKING IT UP IS SCARY!!! First, I am not going to publish how to do this until I know for certain that nothing is getting hurt as the tie in is quite tricky and involves a small modification to the HV ECU (The Mother Computer) and I don't want to have a bunch of us killing our cars!

I promise to keep everyone up to date on testing and pros, cons, amp usage, mileage & etc. I don't have a British Operator's Manual so I am not even certain what it is supposed to be doing yet.

I can tell you that if the car is stopped and the ICE is running, if I push the button, the ICE stops immediately and I am allowed to drive in EV mode up to about 30 MPH then it starts with three little chirps from somewhere under the dash.

It does seem to allow a fairly healthy amount of amps in EV Mode before the override chirps go off and the ICE starts up to compensate. I will hook up my instrumentation and check all of these things out in more detail over the next few days.

Well, I thought this may not be possible and I am very glad that I am wrong!!!!

IF I DON'T HURT ANYTHING – I PROMISE TO SHARE If after a little while I can determine it is not hurting us, I will post instructions & pictures & etc. I promise to be prompt.

Regards, Wayne

http://autos.groups.yahoo.com/group/2004-prius/message/34697

From:  "Bill Robbins" <bill.rob@v...>  Date:  Sun Feb 8, 2004  5:38 am

Subject:  Re: EV Button Excitement

--- In 2004-prius@yahoogroups.com, "priuspostus" <ken@o...> wrote:

>

> Another step to the gridable 2004!

> - Ken

And the only other step we need is a mod that allows AC recharging, i.e. "plugging it in". Has anyone made much prograss on figuring that mod out?

Many days the only driving I do is a single 3 to 5 mile round trip. It would be fantastic if I could pop it into EV mode for those trips, then charge it up back at home for the next day. I think I'll only be willing to take the leap into adding the EV button once I also have a way to plug it in.

-Bill

[NOTE FROM FELIX: BILL IS THE KEEPER OF THE '04 PRIUS FAQ]

http://autos.groups.yahoo.com/group/2004-prius/message/34813
From:  "mwbueno" <wbrown@p...>  Date:  Sun Feb 8, 2004  5:52 pm Subject:  31.5% Gain from EV Mode in my day's activities!!

Hi All:

First, very good news! The EV Button allows us to drive the cars bone-cold in EV Mode.

I went out this morning and it was 34 ºF. I got into the Prius and pressed the "Start" button and it immediately began its "Coolant Heat Storage" transfer to the ICE. I pressed the EV Button within a second of seeing the "READY" light and the CHS process stopped immediately. I turned off the "Auto AC" with the switch on the steering wheel and everything was immediately quiet; It was so quiet I even wondered if something had gone wrong. I went ahead and put it in Reverse and backed out of the garage.

I put it in "D" and began driving out of my driveway and down the road. I saw as much as 48 Amps and it remained in EV mode with no problem. I went down to a local store that is exactly .9 miles away and parked the Prius and shut off the "READY" light.

I saw a friend in the store and told him about the Prius and being excited, of course, I proceeded to talk to him about hybrid technology in general and even the EV Button for almost 45 minutes before I got back in the Prius to head home.

I Pressed the Power button and got the "READY" light and pressed the EV Button again. All quiet again and I drove the Prius all the way back home .9 miles and parked in the garage. The ICE NEVER STARTED!!!! THIS IS SO NEAT.

PLEASE NOTE I HAVE AN EXTRA 7.2 Ah of Pb-Acid battery in parallel with the NiMH battery. I have not yet tested with NiMH only and so I can't say how far that would have gone.

About 5 hours later I needed to go to church, which is about 17 miles away so, I got in the car and did the same thing again. About .6 miles out my battery Icon went to the last two bars (Pink) and the ICE started. That means that I got about 2.4 miles on an almost freezing morning in total Stealth with never a peep from the ICE until then.

I went ahead and got up some speed and noticed that the ICE was not assisting in power delivery at all. All of the energy was still coming from the HV Battery. I was pulling as many as 60 Amps from the HV Battery with the ICE just idling away and not assisting. After about a minute or so of this no assist 

mode' from the ICE, it began charging the HV Battery. I am guessing that the ICE is programmed to run for about a minute when cold before delivering motive energy for movement.

After the ICE began to charge, it idled up to about 1,300 RPM and was pumping about 20-27 Amps all the time, even when stopped at a stop sign until it got the Battery Icon up to about 3 or 4 bars; I was paying attention to too many things to know when the charging went from heavy back to normal. Usually the ICE is only putting in about 10-13 Amps so, it had augmented the charging Amps when the SOC was at 2 bars or in the Pink.

Now here is what is cool about this:

1) I avoided a cold start at home when I took off for the store. 2) I avoided another cold start after about 45 minutes at the store and came all the back home. 3) I didn't have an ICE startup until I had 17 miles to drive and could easily rebuild the charge back into the HV battery during the drive.

BTW, the HV Battery was at 70-80% in about 10 miles.

I did the math for: 1) One completely cold start and (Like I would have had this morning) 2) One 45 minute cold start (Like I would have had at the store) 3) And one 5 hour cold start (Like when I went to church 5 hours later)

My calculations for the above indicate that I would get 40.6 MPG with today's environmental variables; this seems very reasonable for that kind of activity. Short cold trips really do kill your mileage.

Well, avoiding all those starts until I needed to go to church today, I got 53.4 MPG!! That is a whopping 31.5% increase in efficiency in today's activities!!! I also avoided two totally unnecessary startups and ICE & oil wear & etc. I am so ecstatic about the possibilities here!

No, I won't get this kind of benefit everyday but, today I certainly did and when the opportunities come up I certainly will in the future. No doubt, there will be days when the EV Mode will not serve me at all but, when it can I now have it and I will benefit like I have today!

I plan to put another 7.2 Ah of Pb-Acid in the car to take advantage of these kinds of short runs and gain even more. My job has me running way too many short trips around Pittsburg. Our company has many, many offices and departments here in town and all of them are within a mile of each other and I visit at least 7 or 8 of them a week during any given day and then after an hour or so head back to my office. Wow! I am excited about my new potential for savings here!

I will keep the posts and updates coming as I discover more!

Regards, Wayne I have only tested it for 10 minutes, so I don't know all the particualrs yet. 

http://autos.groups.yahoo.com/group/2004-prius/message/35023
From:  "mwbueno" <wbrown@p...>  Date:  Tue Feb 10, 2004  7:17 am Subject:  LONG rambling EV update & etc. (was Is there a timing belt?)   Hi All:

First, before I get to the timing chain in the Prius, I want to say that some people have expressed concern that I may be keeping the EV Mode information to myself for personal gain. This is not the case.

As soon as I am certain that adding an EV Button to our cars is not going to damage them or shorten the life of our High Voltage Batteries, I will post exactly how to do this. I will also post exactly how to add extra Amp Hours of Battery in parallel with our Prius OEM NiMH. So far, there appears to be no extra stress upon the battery nor does the HV ECU seem to be bothered in the least with the modification.

Adding extra Ah (Amp hours) of battery is not child's play and so I am very worried about one of you getting killed doing this. I really have not come up with a fool-proof way for someone to do this extra Ah mod and avoid all danger but, I am working on it. I would not push the extra Ah mod if it were not so absolutely beneficial when using an EV Button also. There is a whole new world ahead of us learning and sharing with each other the best practices of EV Mode use!

One of the very nice things about adding extra Ah is; not only is our EV range extended and cold starts minimized but, the extra Ah also make the life of the OEM HV Battery much easier. I just added another 7.2 Ah last night for a total of 14.4 Ah of Pb-Acid and now my NiMH only works 60% as hard as it used to. The SOC cycles are much longer. My NiMH thinks I am a total *Grandma* driver now! I guess I am a *Grandpa* driver, come to think of it. ;)

There are quite a few updates and corrections as to how the EV Mode works. Richard Scheffenegger has asked me to do some comparative Amperage tests for a project he is working on. When I get those tests done I will post the information. Briefly, a maximum amperage before ICE startup needs correcting. I have seen as much as 90 Amps or 18 kilowatts of energy being used in EV Mode without an ICE crank- up!

I initially posted that the CHS (Coolant Heat Storage) transfer stopped when I hit the EV Button on a *First-of-the-day-Cold- Start*. This has not happened since that time and it appears that the CHS continues its transfer. I will continue testing this and see if I initially reported in error or if there is a way to halt that process on first start.

WHY AM I STICKING WITH Pb-ACID? I have access to NiMH & Li-Ion but, I have stayed with Pb-Acid (Lead- Acid) batteries so that more of us can afford to add Ah if we so wish. NiMH and Li-Ion are not only way more expensive but, they are exponentially more complex to tie in successfully. I am hoping that Toyota and the world we see what we are doing and take care of the harder design work and offer it to us down the road.

PIONEERS I believe that all of us are still very much PIONEERS in the Hybrid Arena. My wish has always been that we become the best informed and most influential group of automotive users in the world. The EV Mode and Extra Ah instructions will be forthcoming when I can ascertain they are safe and prudent for us. I have no plan for personal gain here and I strongly feel that you PIONEERS deserve this stuff as a gift as soon as I can get it wrapped!

Now my other project; the one I can't talk much about yet and the one that has literally driven me down these roads, has way too many years of my life and works to not get something in return. When that one is done, I think most people will be all too happy use it. As you can see now, I'm not 100% Saint after all. ;)

The early Yahoo Groups & then John of *john1701a* who posts here regularly and only a few others, in my opinion, blazed the way. You can see John's site at:

http://john1701a.com

I am joining the ranks of web site makers. But, like John, I will continue to post here and only offer relevant links to the site when they apply. John has done wonders to inform us and show us the beauties of the Prius. I will not distract from his efforts in that arena at all. I will simply devote time to uncovering the Toyota- Lexus Hybrid systems and show us what's under the skin and where to do a helpful mod or two. John can continue to show us all its beauties! Thanks again John for your site!!!

OK, GETTING AROUND TO THE SUBJECT LINE I have posted a photo of the timing chain and the VVTi (Variable Valve Timing intelligent) on the new site where I will be posting much of my work. You can find it at:

http://www.seawell.net/Prius/04Photos/VVTiChain.jpg

This site has been graciously provided by Chuck Pliske, a long time Yahoo Group member, a Prius aficionado and hybrid technology fan. Hopefully Chuck will allow me to tell the group more about him in the site when it is up and rolling. Until then, THANK YOU CHUCK PLISKE, VERY MUCH!!

I am building a web site there but, have been so busy with "Real" work (for an income) and the EV Button excitement that I have not given much time to it. I'll post here when the actual web site is up. For now it is a great place for photos and documents which I will start posting links to as of today.

Regards, Wayne

 --- In 2004-prius@yahoogroups.com, "Peter Rawlinson" <prawlinson@B...> wrote:

> --- In 2004-prius@yahoogroups.com, "redbarnclock" <gcwatson@h...>

> wrote:

> > In looking over the information on oil changes etc. I fail to see

> > any reference to a timing belt change. Is there one?

> > Graham

>

> No It employs an enclosed chain driving the twin camshafts. It is

> running in oil so is presumably expected to last the life of the

> engine, and therefore has no scheduled maintenance.

>

> Peter (UK)  

http://autos.groups.yahoo.com/group/2004-prius/message/36122

From:  "mwbueno" <wbrown@p...>  Date:  Mon Feb 16, 2004  4:36 pm Subject:  One of the 13-15% Hwy gain answers starting to appear

Hi Fred,

There is no doubt that not allowing the ICE to operate as much when it is cold via the EV Button and at low RPM is how the, approximately 30% gain, is happening in the City. It does require the additional Ah of battery so; it isn't going to be as noticeable or as high a percentage of gain in a Prius without the extra Ah.

Your response in this post is exactly why I post my findings early in the process of experimentation. Several minds considering the same data will almost always uncover things that my singular gourd would never consider or even happen upon.

Richard Scheffenegger & I have bounced ideas off one another for years and I can tell you very plainly; we have both benefited from sharing and being tolerant of one another over things that each of us thought we may have understood better than the other but, cut some slack and waited for the outcome anyway. I tend to be more adventurous than he is and he tends to diagnose the results of my adventures and offer improvements and advantages that I simply would not have otherwise considered.

I will say that both of us have been surprised with the results that each of us thought could have never come of different things that we have both had to be patient with one another over. Mutual respect and cutting each other some room for expanded activity has been absolutely invaluable to each of us.

As for the 13-15% gain on the highway; I am beginning to see a little bit of why. It appears that the HV ECU, when calculating instantaneous torque requirements, has the voltage along with the SOC of the HV Battery in mind and adjusts how much of the total torque MG2 is going support. MG2 is called upon many hundreds of times every mile to input torque to fill an immediate need where its energy input is more efficient than the ICE such as a small bump or overcoming a 3 or 4 rise in elevation or a gentle signal from the accelerator or cruise control for a little bit of increase in speed & etc. All of these kinds of little tiny boosts or "jolts" are not what the ICE is efficient at.

A lot of old carburetor guys will remember that we had what we called an "accelerator pump" for these little boosts or "jolts" that dumped a little bit of extra fuel that kept the ICE from having flat spots when needing these little "jolts." Fuel injection computers dump a little extra fuel for the same reason. In the THS & THS II, these jolts are easily and instantly performed by MG2 and no extra fuel dumps are needed to avoid what would otherwise be flat spots without an extra fuel dump or a burst of energy from MG2 & the battery. Later when the HV ECU sees too much torque coming from the combined efforts of the motive contributors it turns MG2 into a generator, leaving the ICE RPM in an efficient state and charges back some of the little "Jolt" energy it just used from the HV Battery.

Well, if while calling for repetitive "jolts" from the HV Battery the HV ECU notices that the voltage is staying up it will continue calling for 6-10 amps "jolts" instead of falling into the 2-3 Amp jolts and will not ask the ICE to fill the void. Later when the ICE is at peak it will regenerate those used up "jolts" and get the HV Battery ready to continue supplying them when it is not as efficient for the ICE to do so.

What I am seeing is more "jolts" in the 8-11 Amp range than I used to see. I think the HV ECU is seeing the voltage remaining high and asks for more "jolts" at higher amps than it used to. Regeneration too is happening at a few higher amps constantly than it used to and I suppose is regenerating when the ICE is at some known peak of efficiency & etc.

Regards, Wayne

--- In 2004-prius@yahoogroups.com, "sdcruiser2001" <sdcruiser2001@y...> wrote:

> Wayne,

>

> The low load, around town city results make sense, at least to me.

> An SAE paper done on the old Prius has a short sentence below the

> Thermal Efficiency Curve VS Engine output. This curve shows a

> relatively flat region from 1600-4000 RPM. But below 1600 RPM the

> efficiency drops quit a bit and fairly rapidly. The article

> says "Notice in Figure 25 the downward trend of the efficiency at the

> low power outputs. This precipitating slope illustrates how

> effective low-load electric driving can be by avoiding lower

> efficiency operation".

>

> This is the point that I've tried to get across to Vitaliy over and

> over (unsuccessfully) and it doesn't defy physics at all. I think

> your extra battery allows you to use stealth more often and at a high

> speed in city driving. The EV button alone would have some of the

> same benefit if used sparingly and at the right times to avoid low-

> load ICE operation.

>

> Could three be something about the extra battery capacity that is

> causing the ICE to run either at different RPM and/or throttle

> setting at a constant highway speed? The road load isn't changing so

> I'm not sure how this could happen so maybe that's the wrong road to

> go down right now.

>

> One of these SAE papers I have has the email address to a Toyota

> Prius engineer. Maybe we should ask him, lol.

>

> Fred  

Following from the Griddable Hybrids Yahoo Group:

 From: "Richard Scheffenegger" <rscheff@chello.at>  

Date: Fri, 20 Feb 2004 21:18:40 +0100  

Subject: [gridable-hybrids] Re: Qs on Prius/Hybrid Synergy Drive + EV button 

 Actually, I don't think Wayne's mod will fully utilize the full extend possible with an enlarged battery capacity.

Rationale: His first, small battery pack had a higher internal resistance, and was connected before the battery current sensor. This was good for the BMS (no messing with diffentent capacitys of the measured current / voltages inside the battery), but the augmented lead acids didn't really provide that much energy storage capacity (since due to their higher internal resistance, much of the peak power was delivered to/from the stock NiMH).

However, even with that small mod he demonstrated significant milage gains.

After a some initial research by me with a 2nd NiMH, he decided to add a 2nd line of lead-acids, and run into the same problems as I did. When the additional battery's internal resistance gets to the same order of magnitude as the stock NiMH, the currents distribute more evenly, but this upsets some fail-safe thresholds built into the Prius (probably for the unlikely event of a corroded / severed high voltage cable, where a medium-resistance short between the power lines is created but no short of either line to chassis ground).

So what he seems to be doing now is adding his batteries *behind* the BMS current sensor - thus the BMS will think the SOC changes much more rapidly (in accordance with the integrated current) than it really does - which will be corrected from time to time by a obviously second methode the BMS uses to calculate the SOC - comparing pack voltage at certain discharge / recharge voltages (or vice versa).

What I was to find out now is the excat Layer 1-4 data exchange between the BMS (BAT ECU) and HV ECU, in order to understand the bytes and perhaps modifying them to fully utilize a 2nd / 3rd NiMH pack.

It's my understanding, that the basic principles for such a mod would be the same also for the Prius II, with the exception of having to deal with a full-featured, protocol-aware translating CAN  bridge, instead of a "simple" RS422 / 

20kbps Byte forwarder.

Anyone with me at investigating the BTH / HTB lines?

If the data structures exchanged between these two ECUs haven't changed too much, any information gained from the Prius I might very well be really useful also for the Prius II's CAN packets (samples of a full CAN trace have been posted to technical stuff).

From: "mark123andre" <marka@greyrock.org> 

Date: Fri, 20 Feb 2004 20:34:58 -0000  

Subject: [gridable-hybrids] Re: Qs on Prius/Hybrid Synergy Drive + EV button 

One data point in answer to the question "Does the EV button work  from cold start?" -- during my drive of the Japanese Prius earlier this  month, I tried the EV button shortly after leaving the dealer lot, and it  wouldn't engage. The salesman who was riding with me said that was  normal operation. 

The owner's manual for the car confirms that-- it says that EV mode  won't engage during warm-up. Doesn't go any further as to "why"  or "why not."

This suggests that Wayne's work may have by-passed the "no EV  mode during warm-up" lock-out in the stock function. 

If anyone has a technical contact inside the Prius engineering group at  Toyota, it would be useful to learn why engine and exhaust system  warm-up is considered an immediate priority after powering up the car.  Is this ensuring longevity of the engine? of the high-voltage battery?

From: Jeff Chan <gridable-hybrids@jeffchan.com>  

Date: Fri, 20 Feb 2004 12:43:42 -0800 

 Subject: Re: [gridable-hybrids] Re: Qs on Prius/Hybrid Synergy Drive + EV button 

On Friday, February 20, 2004, 12:34:58 PM, mark123andre mark123andre wrote:

> This suggests that Wayne's work may have by-passed the "no EV

> mode during warm-up" lock-out in the stock function. 

> If anyone has a technical contact inside the Prius engineering group at 

> Toyota, it would be useful to learn why engine and exhaust system 

> warm-up is considered an immediate priority after powering up the car. 

> Is this ensuring longevity of the engine? of the high-voltage battery?

Hi Mark, I would guess both: the transition from EV to ICE probably assumes or generally requires a warmed engine/thermos.  And as you imply, the battery capacity is not very large, meaning immediate ICE backup may be necessary to keep the battery management happy.  The whole thing has been designed as a synergistic system at least for the given battery capacity. 

http://autos.groups.yahoo.com/group/2004-prius/message/37727

From:  "mwbueno" <wbrown@p...> 

Date:  Tue Feb 24, 2004  5:31 pm

Subject:  EV Button & Additional Battery Ah update

Hi Folks,

I have been out of town on business and have not been able to test or post as I would so much love and prefer to be doing.

All testing with the EV Button still continues to prove non- stressful to the Prius' Hybrid System unless I involve the extra Ah at very high amperage rates (above 130 Amps or above 34 horsepower pure EV).

I have connected the additional battery into the system in such a fashion as to no longer have any problems with the EV Button but, I have lost a lot of the highway mileage that I had gained when I went above 10 Ah of extra PbA (Lead-Acid battery). To be more specific, I am only getting about 7-9% more highway mileage with the battery hooked up in its new fashion which disallows any EV Button troubles. I want, sorely, that 15-22% gain back in highway mileage & I want the EV Button & frankly I will not give up until I get them both. They can be so beneficial to all of us and for not too much extra money.

Let me explain a little bit more about this and then what I am working on to resolve this last issue.

Just before I went down to Houston a couple of weeks ago, I added more battery power to the HV system for a total of 14.4 extra Ah or a total of 20.9 Ah overall.

Well, on the way down to Houston and in several tests thereafter I was able to consistently get an additional 15-22% more highway mileage. I have for years gotten upwards of 30% in additional City mileage but could never muster more than 3% on the highway so; to suddenly have the 15-20% improvement on the highway was exhilarating to me, especially since I could see that the HSD or THS II was not suffering or being stressed in the least.

Unless further testing indicates otherwise, it appears that the efficiency increases in MG2 with higher voltages and higher RPM along with the increased Inverter efficiency and the new PWM signaling & phase chopping at higher RPM are able to take more advantage of the extra Amps or kilowatts of energy available than THS was, especially when delivered properly, which is a fairly new discovery I wasn't even looking for.

VERY TECHIE NOW – DELIVERING PROPERLY First, let's settle on some baselines to diminish confusion. From here on, in this posting, any references to extra Ah will be comparable to the kind of Ah & efficiencies that we get from the '04 NiMH battery. All other battery types and their Ah & efficiencies will need to be considered and calculated against this standard. Some of us are interested in adding PbA (Lead-Acid) batteries, others of us have 01-03 Prius NiMH modules to add and others are adding Li-Ion & Li-Ion polymers & others are contemplating Nickel- Zinc. Each of these delivers and charges differently so, lets base off the '04 NiMH and go from there.

I have done enough testing now to know that if I plan to add more than an additional 2.5 Ah of battery (taking the above battery standard into consideration) & I want to use the EV Button (I do) & get the additional 15-20% highway mileage (who wouldn't?) then I will have to have a piece of logic that allows those extra Ah to act in complete harmony with THS II or the HSD and yet remain invisible and completely isolated from THS II's view and its necessary SOC activities. I have started working on this board and adding the logic in accord with the test results I have been garnering for years (however, the '04 is pretty different here and I have to find those differences).

Basically, the microprocessor takes input from 4 different parameters in Prius HV system and runs them through an algorithm that literally controls the SOC of the additional battery while remaining completely isolated and virtually invisible to THS II.

This way both battery arrays get exactly the kind of SOC regimen each needs. Both batteries are only in parallel while the Prius is running (average voltage for the '04 while running is 233 VDC) and both are isolated from each other while the Prius is "off." I am able to keep the parallel configuration that provides the 15-22% highway mileage gains and still get full use of the EV Button's advantages.

GRID CHARGING I will only say yes for now and not give details; with just a little bit more logic in this board, grid charging too, becomes a reality. One will still have to invest in the chargers and they are not cheap.

ON A MORE RICH NOTE It looks like I will be in Orlando March 6-9; maybe I can connect up with Rich. It surely is nice to see Rich back on the board. Welcome home Rich!

Regards, Wayne

Message 37958 of 37981  |  Previous | Next  [ Up Thread ]  Message Index Msg #

From:  os2@s... Date:  Wed Feb 25, 2004  8:43 pm Subject:  

Re: [2004-prius] Re: Grid Numbers & Price (We'll have to wait and see)

Jeff Gauvin,

First let me say I don't want to slight Wayne's work nor cast doubt on his abilities. He might pull it off. I doubt many others ever tried. And theoretically technically it is entirely possible to achieve, by adding external circuitry to fake the appearance of equalization. But there is so much more to it than just that. Especially when considering several parallel banks of many modules and many cells in series, that make up the entire array.

>--- In 2004-prius@yahoogroups.com, "d0li0" <d0li0@y...> wrote: >> As far as parallel equalization goes, >> I'm sure Toyota is more than capable of dealing with that as well.

Maybe they are, but they didn't. At least not in the Prius. I don't know about the Highlander and Lexus RX400H yet. But the pictures I've seen sure look like they are going to use more than 1 battery pack.

>I think the original question was what it would take to convert a 2004 Prius. >I seriously doubt that the Toyota charge controller >was designed to parallel charge cells of different chemistries. I know some >are doing it and appear to be getting away with it, but see below...

>> Those among us that don't want to wait are already doing what we >> can in our garauges, and yes it's a little bit more complicated >> for us to pull off.

I'm with you on that, in spite of the potential risks and hazards. And I do hope we all share our discoveries to help each other.

>And I'm very curious to learn how folks are dealing with the parallel >charging of batteries with different chemistries. Most battery experts will >tell you not to parallel charge cells unless (sometimes not even if) they are >of identical make/model/age. With a single controller it is inevitable that >one bank or the other is always going to be over or under charged. Best case >you'll just shorten the life of the batteries.

I completely agree.

>Worst case, well, lets just say that some batteries don't react well to >overcharging.

Don't be coy. Let them know what will very likely happen sooner or later.

When 2 cells are in parallel the 1 with the higher initial charge or lower internal resistance, will reach maximum SOC first. At that time the other cell will hold the voltage down. Since most controllers use the rise in voltage and/or temperature as the trigger to decrease the amount of charging, that won't necessarily happen yet. So while the weaker or lower charged cell continues to absorb normally, the better or higher charged cell becomes too hot. How hot is too hot? It can warp the plates, which shorts them out, which in turn increases the voltage level across the remaining cells in series, then it usually explodes.!

The slightly less than worst case is almost the same. If the plates warp and short out, but it does not explode, that cell is still dead. So in a series of cells the overall voltage capacity decreases. That not only decreases the available power output, but it also changes the charging characteristic, such that the pack will have a greater tendancy to get over charged. Net result: if the 1st cell that goes bad does not explode, then it increases the chance that another cell will explode.

If the problem is not remedied promptly, it could cause a cascade effect. Several cells shorting out, increases the voltage across and thus current through the remaining cells in series, which repeats the cycle described above, until something burns open instead of shorting out. At that point the current stops. But the battery pack is dead.

And saddest of all, the cells, modules, or battery pack that is most likely to get damaged will be what was the best or newest. That is because the older cells and weaker cells usually have a higher internal resistance, which prevents them from charging and discharging as quickly.

Now don't anyone suddenly get worried. This thread is about adding aux battery packs.

When Toyota designed the controller for the stock battery pack, they took lots of precautions. In fact they took so many precautions, that the Classic Prius has more limits than the '04 Prius. By readjusting some of those limits, such as the normal operation range, especially with the EV switch, the '04 Prius has improved overall performance. At some point Panasonic also improved the modules so that the '04 has a lower internal resistance. I'm not exactly sure when that change took effect. It might have been prior to the Classic Prius. Anyway the stock controller tends to be conservative most of the time, thus avoiding maximum and minimum SOC. I won't repeat in this msg what I posted earlier about the exceptions to that. So the stock '04 Prius unmodified is very unlikely to develope a problem such as described in this thread.

Aside from Wayne's approach, my theory is that if that "characteristics" chart, which Wayne posted a few weeks ago, is correct in that the Classic battery and the '04 battery are almost identical at the module level, then the main difference is the number of modules per pack, going down to 28 for the '04 Prius. So even though modules taken from a Classic battery will be older and may have a slightly higher internal resistance, they would be a lot closer in "characteristics" than mix'n'match PbA with NiMH. So I am hoping that with the conservative limits of the stock controller, no 1 battery pack will substantially influence the overall charging. And thus avoid the need for an isolation and equalization controller. I may have to include a high/low voltage sensor, that disengages the contactors for all the aux battery packs, to trigger when the stock controller ECU calls for the maintenance full charge/discharge cycle, to prevent the stock battery pack, with the least internal resistance, from becoming under or over charged.

Another factor which I am concerned about, but Wayne and most others rarely see, is that due to my mountainous driving conditions, I see maximum SOC twice or more every day. So I am hoping that by adding 3 aux battery packs, I will increase the capacity above what Regeneration is available to prevent reaching maximum SOC on a frequent basis.

Although it should be noted that anyone considering grid charging will be in the same situation I have been in all along.

I know Wayne tried grid charging, and he tripped the SOC "table" to trigger the maintenance full charge/discharge cycle (at least in his Classic). So he knows very well that the limits of common sense as you mentioned regarding 1 controller and dissimilar battery packs, is an issue. The new issues seem to revolve around the EV switch and 2 different methods he has tried for tieing the packs in parallel, and the substantially different MPG results. At this point unless Wayne provides more details about his parallel tie in methods, we'll just have to wait to see how he deals with the isolation controller he is working on. It sounds great to me.

One of the things I find most interesting about this project is that we are trying to work with an ECU and controller provided by Toyota which we know very little about, can not change, and yet each of us are pretty confident we can 1 way or another improve upon. I really have to hand it to Wayne, in that he is taking this several steps beyond what a team of Japanese Engineers did. And Wayne has been giving us some hints along the way, that are important, even if we have different approaches to the end result.

About now I would really like to know what Toyota is doing with the Highlander and Lexus RX400H. Maybe they have already solved the problems in a way we can apply to our Prius. But I'm inclined to think the HV Battery ECU is inside the case of the battery pack. And Toyota's approach may be to use a separate

controller for each battery pack. Can anyone provide more info on that?

Take care, Andy Roberts

From:  "d0li0" <d0li0@y...> Date:  Thu Feb 26, 2004  1:12 am 

Subject:  Hybrid Battery Pack (paralleling solution for mismatched strings)

It's not what you think, in the BEV world we have something called "Hybrid" Long before the current Hybrid vehicles. It consists of a small powerfull, but low capacity pack that is charged by a much higher capacity, but lower power pack. Thus Hybrid Battery Pack.

For example, you might have a 96v BEV with a string of 8 small PbA batteries capable of dishing out the 500Amps required for heavy accelleration, but with only 1 or 2 kWh of capacity.

You also have onboard a set of high capacity NiCds (today you might use Lithium). This high capacity pack may hold 10 or more kWh of power but only be capable of dishing out 100 Amps. So it is not sutable for the high peek currents, but it can support the average current draw over durration of the journey. As we know you can't simply parallel the strings, but you can with limited hardware support one string with the other...

What you do is limit the high capacity pack to it's 100Amp limit and rely on the high power pack for accelleration and hill climbing. The high capacity pack keeps the power pack charged durring the trip.

Would something like this work in the Prius? I haven't even thought about it myself yet, just though I'de toss it out there. Let's see..

Example: (sorta, not really) As I'm not to familure with the Prius systems (more so the Honda setup) I'll just illistrate how it might work in the Insight. Since it doesn't have any stealth mode, Let's imagine that it's the new Insight Si eddition, which has 50kW of motor coupled to the rear wheels, and an independent controler and battery pack. This let's it travel up to 20 miles in EV mode on it's 5kWh of isolated batteries.

Now the stock IMA system has a 10kW MG which charges the 144v stock 1kWh pack via a bi-directional controler. There is also an 80Amp DC/DC converter that draws ~1kW max on the 144v side. Now we can add aditional loads to the system of say 5kW, which the IMA will create (loading down the IMA as if it were at 50% regen). So long as we don't request more than 50% assist we won't be overloading the stock battery pack, and all of the Current in and out of the system is accounted for properly.

This extra 5kW that we are "skimming" off the stock IMA could be used to recharge the new upgraded system, fully charging it's 5kWh pack durring 1 hour of driving. Now we have a Honda with stealth mode that is self charging and happy with the whole deal.

So, now onto the Prius system... Is there anyplace that some 1 or 2 kW of power could be "skimmed" from, that would not disrupt the tracking of the stock system. Simply looking to it as if the DC/DC were working overtime or something? This power could be used to charge the extra batteries. In the mean time the extra batteries are constently trickle charging the stock pack in a manner that looks like normal regen and residual charge to the system?

It's a basic Hybrid Pack setup, but with built in internal charging. Which could just as easily become external charging.

Whoo, ok, take a step back. Probably far to complex to work but who knows. Just an Idea, what do you think? Probably still stuck with the same old problem of unexpected capacity changes in the stock battery pack. The "skimming" trick does work with extra DC/DC converters in the Honda system, and would probably work just aswell on the Prius.

L8r Ryan

http://autos.groups.yahoo.com/group/2004-prius/message/38094

From:  "d0li0" <d0li0@y...> Date:  Thu Feb 26, 2004  2:47 pm

Subject:  Bayttery charging (wasRe: Grid Numbers...)

--- In 2004-prius@yahoogroups.com, "Bill G." <wwblues2@h...

> wrote: 

> --- In 2004-prius@yahoogroups.com, os2@s... wrote: 

> 

> And Toyota's approach may be to use a separate 

> controller for each battery pack. Can anyone provide more info 

> on that?

I know that the Honda batteries have 10 or 12 sub-pack taps, such  that the 120 cells can be seen as 10 or 12 substrings of cells,  but I don't believe these subtaps are actually used by the BMS  system, instead they are simply available for diagnostic purposes.

Does the Prius pack have similar sub-string taps, used or unused?

> I don't know about Toyota's approach, Andy, but one of the other 

> manufacturers is sensing state of charge at each CELL of the 

> pack.  

Who is that? I know some BEV projects that are trying to go this  rought with PbA batteries. Using individule chargers for each  battery, which is a set of 6 cells.

Oh ya, umm, who is it... Those SAFT, Smart cars that  were on e-bay rescently used Li-ion with indivitual cell BMS.  http://cgi.ebay.com/ebaymotors/ws/eBayISAPI.dll?ViewItem&category=46093&item=245\  6761578

> While it might add to the cost of the charging system, it really 

> adds advantages.  

But it may decrease cost, since higher volumes of smaller devices  may be cheaper than lower volumes of larger devices with more  expensive higher power silicon.

> Most NiMH chargers that we see in daily use work exactly as you 

> described. A controlled constant current is passed through the 

> cell. As the cell's state of charge increases, it takes more 

> voltage (or a wider pulse on a PWM charger) to drive that current 

> into the battery. Once the battery reaches a full SOC, the current 

> turns to heat, and the required voltage drops. The peak voltage is 

> detected, and the charge is terminated at that point.  

Check out all the Hobby RC chargers, some are pretty neat.  Very few are cheap "Dumb" chargers anymore, they have all gone  to delta-peak detecting at least. Some are even so advanced that  they will do Any Chemestry, NiCd, NiMH, Li-ion, Li-pol, PbA from  1 to 24 cells and up to 5 amps, many even do conditioning cycles.

> With multiple cells in series or parallel, that peak is difficult if  not 

> impossible to detect accurately. The difficulty is in that the cells 

> are not identical, especially after ageing. One cell might be fully 

> charged, but the pack has not reached its peak. The fully 

> charged cell heats while the other cells charge, shortening its 

> life. Failed cells, as you mention, totally hose the charging 

> system.  The prevelent practice in the BEV world is to use bulk charging  for the whole pack, stopping  near full charge as to not overcharge.  Monthly equalizing charges slowly bring all cells/batteries up to  full capacity, at the expense of acceptably overcharging the cells  that are in good condition. Yet another method involves using  regulators on each cell that draw the excess current off of the  cells that reach full SOC first, allowing the weaker cells to be  fully charged without overcharging the strong ones.

> By charging cells individually, many of the difficulties can be 

> solved.  

While this might not be practical for strings of 100's of cells  (yet) it is a great solution for sub-strings of say 6 to 12 cells.  This is IMHO the way to go if you can, but most still use the  more common bulk methods, with or without cell regulation and such.

> All that said, I don't think Toyota is allowing the cells to take a  full 

> charge anyway, as they want more life out of the cell than fully 

> charging would give them. Too, they are likely using a different 

> technique because they don't have the luxury of a constant 

> current source in the car.  

Yup, they get the battery manufacturer to pre-match cells such that  they are as similar as possible per pack, and they don't take the  batteries to their full charge or discharge level which also helps.

With (relatively) small 6.5Ah cells, and some 168 of them it's not  practical for them to monitor each cell, or even to monitor the 28  sub-strings but if they move to larger capacity cells in the 100's  Ah range then it becomes more beneficial to take better care of each  cell. Any specs out for the Toyota SUV which I hear has twice the  capacity? We can only speculate that they will double the cells to  13Ah, double the number of cells to 403v, or parallel them (unlikely).

L8r  Ryan  

http://autos.groups.yahoo.com/group/2004-prius/message/38329 

From:  "mwbueno" <wbrown@pilgrimsprid.com>  

Date:  Sat Feb 28, 2004  12:32 am Subject:  EV Button Instructions -- Not for the Faint-Hearted! 

OK, here it is; the illustrated way I have added an EV Button my Americas version of the '04 Prius. 

As always, please know that I cannot & will not be held liable for any harm, damage or anything else negative resulting from copying what I have done. Should you decide to copy me and apply this modification to your car; you will be doing so at your own risk and discretion. 

I have done enough testing to determine that I will keep the EV Button in my '04 Prius with little worry about any harm coming to my system as long as I run the EV Button when my additional Ah of HV Battery are out of parallel with the OEM NiMH. 

I am still quite in the middle of testing with the extra Ah of HV Battery in parallel and am not even close to feeling secure about this yet and so I will not post on it or share how I am doing it yet; so please don't ask me offline at this time. I have always shared my work when I feel secure about it and I promise to share how to do a joint EV Button and Extra HV Battery in parallel if I ever come to feeling secure about it. 

I do feel OK about sharing the EV Button only at this time. I have prepared an illustration depicting how I have done this modification which can be seen at: 

http://www.seawell.net//Prius/04Photos/EVButtonMod.jpg 

I do not have the part number for the receptacle mentioned in the above illustration. I happened to have a receptacle & wire that fit the plug and I used it for this modification. 

What the illustration does not talk about is; once you install a receptacle and wire into hole #27 in connector H14 of the HV ECU, you will need to hook it up to a momentary switch or button that will take that wire to vehicle ground momentarily. This will activate the EV Button version of the EV Mode in the '04 Prius. I chose a momentary switch from Radio Shack. I will not make a suggestion for this switch as almost any momentary switch will work just fine. 

Anyone that does not feel secure in attempting this modification with this much information and the above illustration really should not attempt it at all. I will not, at this time provide any more information than is contained in the above referenced illustration and this message. 

Again, if you do try to copy what I have done, you are doing so at your own risk and discretion. 

Regards, Wayne  

http://autos.groups.yahoo.com/group/2004-prius/message/38331 

From:  "mwbueno" <wbrown@p...>  

Date:  Sat Feb 28, 2004  1:31 am Subject:  Re: EV Button Instructions -- Not for the Faint-Hearted! 

Hi Larry, 

I don't mind answering that. You are correct in that a second and momentary push of the button will cancel the EV Mode and is often followed by the startup of the ICE. 

In fact, here is a quick review of what happens in my car: 

1) The EV Button will cause a cold ICE to not start if pressed within seconds (for me usually under 7 seconds) and set the Prius in "Stealth" or EV mode for movement. 

2) The EV Button is capable of putting the car into EV Mode after the ICE has started under the following conditions: 2a) The ICE is sufficiently warmed up 2b) You are traveling less than 30 MPH 2c) The HV Battery SOC is above 2 bars on the Battery Icon 2d) You have the shift selector in "D" or you are stopped & in "P" 

3) If the HV Battery SOC is sufficiently high, you can take the Prius up to 35 MPH before the ICE will start. 

4) When in EV Button activated EV Mode the Prius will operate on as much as 136 Amps or 27 kW or 36.2 horsepower worth of pure electrical power before asking for the ICE to start. This compares to non EV Button activated EV Mode of 50 Amps or 10 kW or 13.4 horsepower maximum before asking for ICE assistance. 

5) Maximum EV Button activated speed is 35 MPH & maximum normal EV Mode is 42 MPH. 

6) As a point of interest and something that I will hopefully be able to share more about with the group in the near future is; I have added 12 Ah of PbA or Lead-Acid batteries to the HV Battery system and I was able to travel 4.3 miles @ 22 MPH steady with an EV Button activated EV mode just a couple of days ago in testing. This particular set of PbA batteries are only about 33% as effective as the OEM NiMH battery in our Prius. I should be testing soon with 01- 03 NiMH modules and I expect that my range will be very close to 6.5 miles with that many Ah of 01-03 NiMH module power tied in parallel. 

Regards, Wayne   

http://autos.groups.yahoo.com/group/2004-prius/message/38362 

From:  "mwbueno" <wbrown@p...>  Date:  Sat Feb 28, 2004  7:18 am 

Subject:  Re: EV Button Instructions -- Not for the Faint-Hearted! 

Well, since you called me a Guru, send a check to one of Mother Teresa's India Charities and chant kindly; Baghwahn Aap Ka Bala_Karen for each person in this group and all Prius drivers which I personally believe to all be *Pioneers*; then quickly tell the God that you honor in your own language so as to not get in trouble with He or Her! 

Yes, it is not too hard if you have the parts. It is quite difficult if you do not have the parts as the hole in the connector is quite small and requires a very small metal receptacle with the wire attached and the receptacle-wire assembly has to be inserted and locked into the connector properly. 

Regards, Wayne  

http://autos.groups.yahoo.com/group/2004-prius/message/38371 

From:  "mwbueno" <wbrown@p...>  

Date:  Sat Feb 28, 2004  8:15 am Subject:  Re: EV Button Instructions -- Not for the Faint-Hearted! 

  I do want the extra Ah Lawrence! In fact I personally use it to advantage quite often and get extremely good mileage as a result. However, I am not comfortable detailing the HV Battery add-on yet as it conflicts with the ECU functions when the EV Button is activated. 

I told the group some weeks ago that I would share the EV Button as soon as I knew it was safe for OEM applications & even then I knew that it was going to take a little longer to show a parallel tie-in of extra HV Battery Ah that would work properly with the EV Button. 

I am working on some logic for that right now and will not be posting or commenting on any detail of it until I feel it is solid and secure. In fact, just last night I figured out a third way to do the tie-in that may be the simplest of all but, until I test it, I will not be commenting on details. 

A lot of fine folks have been asking me offline to please share the OEM level or non-tie-in level as soon as I felt secure. I reached that point last night late in some final testing. 

Regards, Wayne   

 http://autos.groups.yahoo.com/group/Prius_Technical_Stuff/message/7792

From:  "mwbueno" <wbrown@p...> 

Date:  Sat Feb 28, 2004  10:58 am

Subject:  Re: EV Button Instructions -- Not for the Faint-Hearted!

--- In Prius_Technical_Stuff@yahoogroups.com, "David Gregory"

<davidstress@m...> wrote:

> Which ground did you use and is it "obvious"?

Hi David,

I will interlace my answers with a *** lead.

Which ground did you use and is it "obvious"?

*** You may use any Prius 12 VDC ground available. Almost any of the metal framing under the dash goes to Ground.

Did you place the momentary switch in the "blank" space on the dash? In fact, is that where it goes?

*** I did drill a hole right through the plug covering the hole next to the dimmer wheel and put my EV Button in the hole.

Is it possible to obtain the OEM switch for this mod & what is the part number (there was traffic on this some time ago)?

*** I believe Tom Stangl was working on a group purchase of the OEM EV Button. How far that has gone, I don't know.

Just curious, why is "momentary" all it takes to switch to EV mode?

*** Toyota set the HV ECU up so that when it sees that wire go to  ground it activates that particular set of EV Code. Part of the reason for momentary is so that it can be override at any time and not be held in a ground position that would put that kind of code in a continuous loop. There could very well be other reasons that I am not aware of.

And lastly, does this mod mimic, exactly, the OEM version? (I guess someone in Europe with the workshop manuals could verify this)

*** They actually have a different Connector number for what we are calling H14 but there's does look the same and does use pin #27.

I think there might be some subtle differences in our programming such as the ability to go up to 35 MPH instead of 30 MPH before ICE intervention and we may be able, with additional Ah of battery, to prolong an EV event because of the "Thermos" or the CHS (Coolant Heat Storage) system we have.

 Regards, Wayne

http://autos.groups.yahoo.com/group/2004-prius/message/38466 From:  os2@s...  Date:  Sat Feb 28, 2004  4:24 pm Subject:  Re: [2004-prius] Re: EV Button Instructions -- Not for the Faint-Hearted!

First let me mention what is probably the right way to do it. I've been told: The housing for the connector, fitting the original EV button, has a part number of 90980-10964. The single, small receptacle pin for the H14 connector should have a part number of 82998-12690 or 82998-12700, Type 1.0 III . This is only the plain receptacle pin with a short strand of wire, which should fit perfectly into the H14 connector and lock in there. Cost something like $7 per piece.

Now for a cheaper way to do it. I've been told: The receptacles for the EV button can be taken from a TA02R "Toyota factory wire harness" kit, sold by

http://www.stereoinstallparts.com/TARWIRE.HTML

for about $10. It's pins are Toyota Type 2.3 II - these from this third party producer don't fit perfectly. But you can put them into the connector housing, and they will lock in, so that they wouldn't get loose, but you still can move them 0.5 to 1 mm in the housing - for the electrical contact this doesn't matter. But for the $10 you get something like 15 or 16 such receptacles instead of just 1 or 2 with the original part number from Toyota.

Now for the way I did it, which if it eventually has a problem, then I will take the $ and time to order the right pin/wire. I have a whole room full of parts collected for over 5 decades, so my choice was mostly what jumped out at me. I took a piece of Coax wire with a stranded shield, which looked about like RG-59. I stripped back about 6" of the outer insulation and cut off all but about 1" of the shield. I twisted the remaining exposed shield, so as to make a hole for a bolt and soldered the loose strands. I stripped back about 1" of the insulation from the center conductor, which is about 20 or 22 gauge solid wire. I removed the bolt with a 10mm head from the air filter housing which is near H14. Put that bolt through the hole in the shield and put an additional flat washer on the bolt, and put it back where it came from. I routed the center conductor under the other wires, then used a pair of long nosed pliers to push the bare wire in the last 3/16". It fit very snug, so I assume it is about the same diameter as the correct pin. Furthermore, since it does not lock in place, it will be easy to remove in the unforeseen event I ever need dealer service, in that area. I used a plastic tie to fasten the wire to the nearest wire bundle about 2" from H14. I had previously routed the other end of the wire behind brackets above and down the left side of the glove box. Then I used an opened coat hanger to help route it the rest of the way. I removed the blank from the hole to the right side of the panel light dimmer.

For the switch bracket I took reciprocating saw with a hack saw blade to a 2x4 joist hanger to cut a piece about the same size as the blank. I used a grinder and file to get it to the exact size. I put that in a vice to bend the tabs to latch, again using the blank as a sample for measurement. I drilled a hole in the center for the switch, then wrapped the viewable portion with black electrical tape (to almost match the dash) and drilled the tape out of the hole.

The momentary contact switch I used has a pretty bright blue cap, which I thought went well with our "Lady Blue". Besides it jumped out at me from an abundance of old stock. It still had the package label: "$1.59 Radio Shack / Archer Cat. No. 275-619 SPDT Subminiature Momentary Spring Return Switch contacts rated 6 amps @ 125 VAC". Actually any momentary contact switch that pleases you will work for this project. IIRC the fancy Toyota provided EV switch with back light would cost about $63. I don't have the part number for that.

Worked perfectly for me.

I have not researched all of the part numbers and prices mentioned above, for availability nor appropriateness for any specific purpose. I provided those in the spirit of sharing, what will undoubtedly become common knowledge. Corrections are welcomed. Blame is not accepted.

Like Wayne said: "if you do try to copy what I have done, you are doing so at your own risk and discretion". Think of some more disclaimers and apply those too.

Take care, Andy Roberts 

 http://autos.groups.yahoo.com/group/Prius-2G/message/546 

From:  "mwbueno" <wbrown@p...>  Date:  Wed Mar 3, 2004  6:09 am Subject:  Re: Downhill Recharging

I did some pretty fun testing one day and found, to my complete surprise, that braking just hard enough to hold around 60 Amps of Regeneration (very light braking) even from as fast as 65-70 MPH was the most efficient way to Regenerate. Almost all of us have always assumed that coasting would be the most efficient. I found "B" to NOT be very efficient even though it does provide more amps during the moments it is active over "D" and coasting; it still was around 30% less efficient overall.

I got a lot of good feedback and further proofing ideas from the group to apply to this testing but, I got busy on the EV Button & some battery mods right after that & have not applied the group's suggestions for further confirmation & ratification of my 60 Amp Brake-Regen findings.

Ammiel did some "contemplating of his navel on a mountain top" one day and came up with a pretty spiffy way to know how much pressure would develop 60 Amps of braking for those of us w/o instrumentation. Basically, he suggested that if we became familiar with how much pressure it takes to keep the "little yellow arrows" from traveling to the HV Battery icon in the "Energy Monitor" screen when stopped on level ground and with the gear selector in "D," we would begin to have a feel for how much pressure to apply for a 60 Amp Brake-Regen. To some degree this panned out.

I also did some timing studies on level ground braking from 50 MPH to 10 MPH and if you can become proficient at making that slow-down in 19 seconds (on level, smooth roadways) you will also have a feel for approximately 60 Amp Brake-Regen.

I still need to get out and do the further "confirmation" testing suggested by our group before I can put this idea into concrete or rid ourselves of it but, since you are looking for an answer now…..

Maybe some late nights running up down the streets of Orlando after my family goes to bed while we are on vacation out there this next week.

Regards, Wayne

 --- In Prius-2G@yahoogroups.com, "Dan Kroushl" <kroushl2@c...> wrote: 

> I have noticed something while recharging on a downhill slope. I 

> encounter the same two major hills every day to and from work. Going 

> to work I am going downhill. It seems that the slower I go (more 

> pressure on the brake pedal) the better my SOC at the bottom of the

 > hill. It seems that recharging is more efficient at lower speeds.

 > Has anyone else noticed this? I would like to get better test data

 > but I have no measuring equipment. All I have is the delta on the

 > SOC meter. 

> > Dan   

Wayne Drives 800 Miles from Texas to Florida http://autos.groups.yahoo.com/group/Prius-2G/message/733 

From:  "mwbueno" <wbrown@p...>  

Date:  Fri Mar 5, 2004  12:04 am Subject:  20% Gain in Highway mileage again Hi all,

After traveling across Texas, Louisiana, Mississippi, Alabama & Georgia for a total of 812 miles today, I arrived with an average of 50.7 MPG. My highway speeds were up to 80 MPH several times but mostly @ 72 MPH. About .08% of the trip were slow downs for a gas station, rest stops & food stops.

The whole trip had quite bad crosswinds out of the South at 8-20 MPH which were hitting the car at an almost direct crosswind all day. Figuring in the Palm THS2 data that I have always used before and have always been able to forecast to within .3 MPG of what my Prius should do after entering all the variables including slowdowns & etc, I calculated that I should have gotten 41.78 MPG (most losses due to crosswind drag).

That means that I got about 21% better mileage today than I should have. The only difference still being the extra Ah of PbA.
Well, this is one long trip that again is manifesting approximately the same range of highway MPG improvement I got going to Houston several weeks ago and then again in several well controlled short test runs. I am quite taken by this because for two years the best I could muster out of my '02 was an average of 3% highway gain with extra PbA Ah & that is not enough to really be certain that there was a gain. Something in the 20 percent range is another story; this means that something recordable is definitely happening.

I watched, very carefully, the amperage I/O today & I did catch some peculiarities there; mostly in amplitude on both sides of the I/O. Is it even remotely possible that the HV ECU is setup to monitor both voltage & amperage and begin calculating a history of how strong or able the HV Battery is and begin using more amps if the volts are not falling; it almost looks like that could be possible!

I certainly have a lot of discovery to go through now. With today's entire 800+ mile trip showing a 20% or above gain, means this stuff is for real. One small change (at least I think it is a small one) is that I am using a new tie-in that is protecting 100% of the OEM NiMH SOC regimen. The OEM NiMH just does not know that the 12 Ah of PbA are present. Its maximum charge rate has been reduced by 10% and it maximum discharge rate by 32% so, as I have said in the past, it thinks that I drive like a major grandma.

Maybe I need to disconnect the PbA and go get some new NiMH baselines in the Palm THS2 but, I really don't think so.

I am hesitant to get too excited because a jump from 3% to 20% just because I went from 7.2 Ah to 12 Ah is not jibing well for me. I am running a new more efficient PbA design but again, a 20% highway mileage gain now???

BTW, someone asked if the charge I/O is more just after coming off the 2 pink or 2 lowest bars where the ICE will always start and begin regeneration. Yes, I have seen as much as 30 Amps or 6kW of energy being generated even while appearing to only be idling at 1,100 to 1,200 RPM. This higher amperage Regen continues until you have about 4-5 bars then it drops into the more 5-7 amp recharge range unless you are braking or coasting. When it transitions from the heavy charging to the lighter charging we often feel what seems like a very subtle gear change as we are moving down the highway.

I will, when I get back from Orlando, go out and grab a new NiMH- only baseline to make certain that the Palm THS2 program is still accurate. Then I will do some controlled testing to confirm that this 20% gain stuff is for real or a mistake & I will report back. 

http://autos.groups.yahoo.com/group/Prius-2G/message/772 

From:  "mwbueno" <wbrown@p...>  Date:  Fri Mar 5, 2004  8:15 am Subject:  Re: 20% Gain in Highway mileage again

--- In Prius-2G@yahoogroups.com, "Dan Kroushl" <kroushl2@c...> wrote: Can you tell me how much your 12Ah of PbA weighs?

Hi Dan, I interlace my responses with *** as a leader.

*** With attaching hardware (wiring & connectors), relays & plastic boxes, it is 182 lbs; the batteries all by themselves weigh 169 lbs.

How much space does it consume? Are you able to fit it under the floor next to the NiMH batteries or do you need to use up the cargo space in the back?

*** For prototype testing I have them sitting right on top of the NiMH which puts them right up against the back seat. This makes it possible for me to get to my cargo space and tire & etc.

I was also wondering about how your Palm simulator calculates drag due to crosswinds. Is a 90 degree wind calculated differently than a zero or 180 degree wind?

*** Yes, in fact, it very interesting just how those crosswinds affect the Prius. You can enter in a 12 MPH wind and then sit there and change the wind direction a degree at a time and watch the MPG update itself if you have the little checkbox checked.

It seems that you would have different frontal area and CD if you had a strong crosswind.

*** Yes, you are so on target here! I worked for years on the formulas that provide what I call crosswind Cd correction factor and a crosswind FA correction factor. One of them has a very complex polynomial and it, along with the vapor density calculations are part of why the program is so heavily laden with math.

*** You can see those actual values in the Palm THS2. They are the last two entries in the INPUT variables screen where we input all the variables for calculating the mileage & energy usage.

*** Our Cd (coefficient of drag) & our FA (frontal area) both change drastically with crosswinds and both have very big influences upon our mileage. Since you have brought this up, let me provide a quick little table illustrating this.

*** I will use my averages for yesterday's trip across the Southern States as the example:

Speed: 72 MPH Temp: 79 °F Altitude: 540 ft Humidity: 81% Barometer: 29.80 in-Hg Wind Speed: 8 MPH Wind Dir: 88° (This value changes in table below) Load: 740 lbs (Me, Polly, Child, PbA array & luggage) AC: ON Climate Control: 74 °F BTU: 112,500 BTU (Winter fuel) kW / Gal-US: 32.9706 Road Rolling Resistance: .001144 (Smooth & Dry) Tire Rolling Resistance: .006 (Integrity @ 44/42) Prius Cd: .26 Prius FA: 2.16 m^2 (square meters) FA Crosswind Correction Factor: .000085 Cd Crosswind Correction Factor: .000014

All of these values are figured against an 8 MPH wind while traveling at 72 MPH in a 2004 Prius having a bearing or course of 0°:

Wind Dir.....kW Aero-Drag.......Horsepower Aero-Drag.....MPG 

0°.............12.68 kW..............17.02 HP...........42.02 MPG 

20°............13.20 kW..............17.71 HP...........40.99 MPG 

40°............13.39 kW..............17.97 HP...........40.61 MPG 

60°............13.29 kW..............17.82 HP...........40.82 MPG 

80°............12.96 kW..............17.39 HP...........41.45 MPG 

90°............12.75 kW..............17.11 HP...........41.88 MPG 

100°...........12.00 kW..............16.10 HP...........43.49 MPG 

120°...........10.64 kW..............14.27 HP...........46.71 MPG 

140°............9.52 kW..............12.77 HP...........49.77 MPG 

160°............8.68 kW..............11.65 HP...........52.32 MPG 

180°............8.12 kW..............10.89 HP...........54.17 MPG

As you can see each degree of wind direction does make a big difference in our energy use and consequently mileage. The above values are all based on an 8 MPH wind shifting all along the right side of the car from front to back. The values for each point would be the same, of course, on the right side.

8 MPH is not all that fast and unless you can see a flag waving in the wind as you travel along you may never know that your are experiencing an 8 MPH wind and yet look what it can do to our mileage – Good or Bad!  

EV Button install: postings and exchanges by Coastal Dave www.coastalEtech.com at

http://priuschat.com/forums/viewtopic.php?t=824

Coastal Electronic Technologies, Inc.  P.O. Box 33518, Indialantic, FL 32903  Ph:  (800)507-2234

NEWEST POSTINGS

From:  "Wayne Brown" <wbrown@p...>

Date:  Tue Mar 23, 2004  7:05 pm

Subject:  I better post this here @ home B4 I get in trouble with y'all

I have been playing around in another neighborhood the last couple of days (Prius Technical_Stuff). I went over to answer some questions I was invited to go answer.
In one of my answers to Peter Rawlinson:
http://autos.groups.yahoo.com/group/Prius_Technical_Stuff/message/7976
I expressed a rather dismal attitude toward the possibility of any easy grid-charging designs.
Larry "Lists" read the message and got to contemplating on the whole thing and responded offline with:
http://autos.groups.yahoo.com/group/Prius_Technical_Stuff/message/7983
I immediately got excited and invited him to post it to the Tech group and then I continued to get so excited about his idea that I posted:
http://autos.groups.yahoo.com/group/Prius_Technical_Stuff/message/7985
and then later posted:
http://autos.groups.yahoo.com/group/Prius_Technical_Stuff/message/7986
So, for those of you that don't belong or don't want to belong to the Technical group, here is in a very condensed in-a-nutshell version of what happened:
I told Peter Rawlinson all the hard to figure out things about Grid-Charging the '04 Prius and that about the only way to effectively provide proper SOC regimen was to leave the "READY" light on or in other words, leave the Prius started while the grid-charging was being performed. This would, of course, cause the ICE to start & etc and would waste unnecessary energy and fuel & etc.
Larry "Lists" read it and has the bright idea of doing grid charging with the "READY" light on and .... DUH - WAYNE; with the EV Button Mode engaged!!!! GEEEEEZ WHAT A GREAT IDEA. I invite Larry to post his idea to the group for consideration.
Then I post back to the group support for Larry's idea & that I have already done a lot of regeneration testing in EVb mode and all is fine with the SOC and etc. So, we can probably do Grid-Charging after all!
I drop half our group's names and half the Tech group's names as to how all of us might jointly pull this off & etc
Then I got on the phone to follow up on a lead to pick up a spare NiMH out of a totaled '02. I firmed that deal up and I will go pick the extra NiMH HV Battery up tomorrow PM.
We are only months away from having some very exciting possibilities in mileage with this kind of mod and still be able to fully, 100%, protect the SOC of both, the OEM NiMH and a tie-in unit, be it PbA, NiMH or Li-Ion. I am excited about NiMH because of the tremendous increase in over-the-road charge/discharge I know I will get from it vs. PbA and my data is strongly leaning toward or indicating that the gains I am getting in highway mileage are coming from the increased capability of operation and delivery in the bounds of a very efficient range within the SOC, that provides high amperage charge/discharge pulses and is quickly becoming my focus spot for being responsible for almost all that extra mileage. Not to mention now, increased EV mode time, Grid-Charging & some more exciting things I will bring up at a later date!
Regards,
Wayne 

http://autos.groups.yahoo.com/group/Prius_Technical_Stuff/message/7976 

Date:  Tue Mar 23, 2004  5:30 am 

Subject:  Re: HV ECU
To add to Jerry's comments; quite a number of us have been playing with the Battery ECU hoping to figure out what it is doing and how. I don't think any of us are even close to a point where we think that we can somehow activate the HV Battery ECU and allow it to track amperage I/O, temperature data, voltage data & control the cooling & heating necessary to maintain proper SOC tracking in accord with the very complex regimen established for longevity of these batteries, while doing an external charge.
Literally, the only way I know to even think that this can be done and have all the necessary players (ECUs) involved is to have the "READY" light on; well, then the HV ECU is going to start the ICE and …… I think you can imagine now how complex and truly difficult this external charge picture is. I seldom give up on anything but, I'll bet Toyota will beat me to the punch on externally charging their HEVs.
There are those that simply go back and pull the power to the ECUs when doing external charges which clears the system and ECU memories and disallows any DTCs (Diagnostic Trouble codes) or MILs to broadcast SOC errors but, that is, IMHO, pretty disruptive to the SOC regimen which is, again IMHO, very crucial in maintaining NiMH longevity and these users will eventually get into some pretty serious memory (yes NiMH, contrary to popular belief, can establish some nasty memory dips in its charge pattern) problems where a goodly part of the necessary charge/discharge activity is severely undermined and longevity becomes a problem.
Parallel tie-ins where you do not touch or mess with the true activity of the SOC of the NiMH in any fashion is still about the only mod we know to add Ah to the HV system and the simplest of these is with the relatively inexpensive PbA batteries and no one to date has really finished any PbA longevity studies to know if they really ROI very well but, it surely has been fun testing them!!
Regards, Wayne 
To: Prius-2G@yahoogroups.com 

From: "mwbueno" <wbrown@pilgrimspride.com> 

Date: Wed, 24 Mar 2004 13:40:09 -0000 

Subject: [Prius-2G] SOC & Charge Cntrl - LONG but, informative 
Hi Evan,

We shouldn't have any problem controlling how high the SOC or charge  goes with simple voltage regualation.  If someone were holding a gun  to my head, demanding a voltage that I thought would be safe,  without allowing me any further investigation; I would tell them to  set maximum charge voltage to 233 VDC.  

Let's say that is the correct voltage to achieve 77% SOC (a safe  but, relatively full SOC).  When the battery(ies) start leveling off  @ 233 VDC, they simply will not take any more charge even if you  leave the charger on all night.  However, IMHO we / I should build  into the charging circuit something that turns the charger off at  the desired level so as to not be leaving a charger unnecessarily on  all night.  

Literally, we can charge up two 6.5Ah NiMH packs from low SOC (40- 50% SOC) to high SOC (75-77% SOC) in about 1 hour without any harm  to anything as long as the cooling system (temp sensors & fan) are  in an operative state ("READY" ON).   This is one very cool thing  about our NiMH batteries.  This means that we will need to have a  circuit that turns the Prius off also when the charging process is  done.  I will do all of this manually at first until test feedback  mixed with some experience shows we are ready for more automation.

If we are charging both a PbA and a NiMH in parallel, it will take  longer.  The typical PbA can only take about 10% of what a NiMH can  so, in our present "READY" on EVb set configuration we are currently  excited about, we will top off the NiMH @ 233 VDC long before the  PbA gets close.  This should work as the NiMH will take no more  charge after reaching our theoretical 233 VDC optimum and the PbA  will continue to take on its measly charge for hours; probably all  night would finally top it off.  This long charge regimen for PbA is  why I am off to pick up an NiMH today for this Grid research.

On the auxiliary or secondary NiMH, I plan to have a second SOC  tracking circuit (amperage & voltage patterns) that will allow us to  track memory (voltage) dips across the SOC band so that we can put  it through a conditioning cycle independent of the OEM NiMH  assembly.  This too will require some special designs in the charger  (a discharge assembly & logic to control it will have to be built  in).  

If the OEM NiMH is not building memory dips while the auxiliary is,  we will have to be able to deal with that so as to extend the  longevity of the secondary or auxiliary NiMH assembly also.  They  are not cheap batteries but, even more important to me, is memory  dipping robs the battery of some serious performance, usually right  in the part of the SOC band where we are getting or needing our most  efficient I/O activity.  I'll bet with two NiMH packs we are going  to be knocking on Well to Wheel efficiencies in the 40-42% range if  we keep both SOC bands free of memory dips.  That idea has only  occurred to me since the 12Ah PbA (the setup you guys saw in  Orlando) install and new results started coming back as of a couple  of months ago.

You'll need to understand this stuff pretty well DOC because we'll  be leaning on you again to write & illustrate it for us in a few  months!  You know, in between patients & all the other demands down  in ER --- I'm sure you have tons of time!! Right?? ;-)  

Just kidding; I know it's your bright inquisitive mind that has put  you in your current & acute state of sleep deprivation; if I  unloaded this one on you too, I may be getting a call from a Lady  Doctor in your town with some new & personal marching instructions  for Wayne!  ;-)

Regards, Wayne

If I recall correctly, the the start-stop drain off of SOC that is  too high begins around 265-270 VDC.

--- In Prius-2G@yahoogroups.com, "Evan Fusco" <efusco@y...

> wrote: 

> Wayne, 

> Do you think the ICE might kick in to spill off some charge if the 

> battery gets too full, thus kicking it out of EVb mode?  Or will  there 

> be a secondary mechanism to prevent charging to that state? 

> --evan <SNIP

From: "mwbueno" <wbrown@pilgrimspride.com> 

Date: Mon, 29 Mar 2004 04:46:54 -0000 

Subject: [Prius-2G] EV Button Ilumination & '02 NiMH installed & running! 

I got a wonderful surprise gift in the mail yesterday from a very  kind group of people for which I am very grateful.  Thank you to  every one of you; you know who each of you are, I only know who some  of you are.  I would really like to know who all of you are; I will  think of each of you each time I use the EV Button.  THANK YOU VERY  MUCH!
I installed the EV Button this evening and took pictures, it surely  looks very nice.  Evan Fusco asked me which wire to hook up for the  illumination or how to wire in the little bulb.  I found a very good  candidate for the illumination right on the thumbwheel next to where  most of us will be installing our EV Buttons.  I have taken pictures  of installed and with its little internal bulb glowing.  You can see  the photo composition at: http://www.seawell.net/Prius/04Photos/EVBtnIllum.jpg
I am certain that Evan will use these to make us some very nice  instructions.  I again just happed ot have the correct receptacles  for the plug in my junk pile so, I am not much help on telling you  what any part numbers are & etc.
I also finished up the 6.5Ah '02 NiMH battery cut down, rewiring, re- bussing, adapted the cooling system and got it installed.  I now  have 12Ah of PbA, 6.5Ah of '02 NiMH & 6.5Ah of the original or OEM  NiHM for a total of 25Ah of HV Battery Power.  So far the SOC  regimen is working perfectly.  You can see a composite of this work  at: http://www.seawell.net/Prius/04Photos/25Ah.jpg
I will test this configuration for a week or two looking for bugs &  problems.  If all goes well then I will begin building a compatible  Grid charger for the system.
Regards, Wayne 
To: Prius-2G@yahoogroups.com  

From: "mwbueno" <wbrown@pilgrimspride.com>  

Date: Wed, 31 Mar 2004 14:04:57 -0000  

Subject: [Prius-2G] more amperage I/O -- Very LONG -- (was NiMH Cooling ...)   

[WAYNE] Hi Chuck,
[WAYNE] I'll interlace my comments in yours with yours.
[CHUCK] Hi Wayne,
[CHUCK] I seem to recollect you saying earlier that (at least with  Pb battery) the addition of a 2nd bank allowed the Prius to put and  get quite a bit more current, thus allowing "deeper" brake  regeneration, and easier stealth, etc. 
[WAYNE] That was/is true with the PbA because I wired it into  parallel outside the current sensor.  In that fashion the HV Batt  ECU in communication with the HV ECU allowed the NiMH to get its  full charge & discharge amperages with the PbA adding about 33% more  to the discharge side and about 10% more to the charge side (PbA  arrays should not be charged as quickly as a NiMH).
[CHUCK] If true, that would imply that the computers were more  interested in the voltage drop than the current,...
[WAYNE] That implication seems to be holding Chuck.  When I run the  two NiMH batteries together through the current sensor, the SOC  cycling is taking considerably longer which does imply voltage is  holding some level of priority over cumulative current I/O.  This  has been causing me to conjecture, as of late, that the 
memory'  dips the HV BATT ECU is calculating for are showing up more in the  form of voltage dips in very narrow portion(s) of the SOC band than  in the form of cumulative amperage activity along that band.
[CHUCK] and could automatically configure themselves to a deeper set  of batteries... 
[WAYNE] I don't think they are really reconfiguring themselves as  much as it is the HV BATT ECU is the entity that tracks the voltage  & current and then calculates the SOC which it reports to the HV  ECU.  The HV ECU then adjusts the inverter activity so as to match  the SOC cycling prescribed by the HV BATT ECU.  It would appear that  almost all charging is controlled by the level of voltages  administered to the NiMH from the inverters which inverters are  controlled by the HV ECU.  
[WAYNE] Higher voltages = higher charges & etc.  Sustained high  voltages do go back to the NiMH batteries when there are two of them  accepting the charges.  No higher amperages than before, just longer  periods of those high amperages going back to the batteries and  conversely, longer periods of high discharges but not any higher  amperage being accepted by the inverters.
[WAYNE] The HV ECU controls quite well the maximum amperage I/O for  the system via instructions to the inverter IGBT gating with  frequency or PWM signaling.  Interestingly, when we are at higher  RPM in the MG, the PWM begins chopping its signals to the IGBT gates  which ironically increases the MG torque at higher RPM (I am  guessing that lesser signaling at high MG RPM causes less Back  EMF).  When the signaling is down by 33% or 66% with that chopped or  pulsed signal, it is very interesting because I am seeing increased  amperages administered at those higher RPM with extra batteries.   This means again, that voltage sustenance reports (slower drops in  voltage reporting) from the HV BATT ECU to the HV ECU are what cause  the HV ECU to determine how many amps it dictates to the MG even  when at high RPM and in pulsed or chopped signaling.  Some pretty  bright boys designed this stuff.
[CHUCK] It might also imply that you would see greater than a 50%  load when running two in parallel.
[WAYNE] Actually I am never seeing more than 50% loads on each NiMH  when they both report activity through the same current sensor.   This actually surprises me a bit because I thought the newer NiMH  might have less resistance and take a bit more of the amperage I/O  and it may be and my instruments are not sensitive enough to catch  it.  
[WAYNE] Both Richard S and I have tested the second NiMH outside the  first NiMH's current sensor & we both threw DTCs and an MIL almost  immediately.  It is obvious to us that the HV BATT ECU & the HV ECU  do compare amperages and it would appear that anything above about  30-35% more amperage getting to the inverters vs what is being  reported by the HV BATT ECU will cause the HV ECU to take the whole  system out of commission with those ever so wonderful DTCs & a nice  MIL triangle!  I used to have my own piece of logic installed to  control this
[WAYNE] Finally, I am going to get to what you are remembering and  probably brought this whole thing up.  I did and do still wire the  PbA outside of the current sensor.  This does allow up to about 33%  more amperage to go to the inverters and about 10% more to come back  from the inverters than is being tracked by the HV BATT ECU.  This  is fine for the PbA system because its charge I/O or  charge/discharge cycle is not anywhere nearly as important to  control and in fact, we don't want its influence in the SOC tracking  for the NiMH at all.  
[WAYNE] So yes, this is where I am able to actually get more  amperage into and out of they system than OEM design however, a very  important point of caution is to be well understood here.  If you  install the EV Button when you have a PbA or any other power source  sitting outside the HV BATT ECU current sensor and you begin an EVb  Mode event and press the accelerator all the way to the floor, you  will get a DTC & an MIL!  
[WAYNE] The system is more sensitive to over-amperages events when  in EVb Mode.  I think I know why and that is the MG are allowed to  pull up to 130 Amps before starting the ICE in EVb whereas in  regular EV mode I have never seen more than 50 Amps pulled (this is  variable in accord with SOC in regular EV Mode) before an ICE  start.  
[WAYNE] If you remember, I measured the maximum amperages being used  by the MG system and it was 194 Amps and that for probably less than  a second.  194-130 = 64 Amps.  64 Amps is about the maximum the ICE  ever needs to start (even when ambient is quite cold) so, I think  the HV ECU has been designed to protect a certain amount of amperage  for an ICE startup and will throw a DTC & MIL if that reserve is  violated.
[WAYNE] Please don't take these things as gospel folks, this is what  I am discovering and seem to be things which Toyota, for the most  part, is not willing to yet divulge; at least not to me! ;-)
[WAYNE] Well, this is more beans than I have ever spilled before and  it took you Chuck to get it out of me!
[WAYNE] Best Regards, [WAYNE] Wayne
To: Prius-2G@yahoogroups.com  

From: "mwbueno" <wbrown@pilgrimspride.com>
Date: Wed, 31 Mar 2004 15:19:45 -0000  

Subject: [Prius-2G] Re: more amperage I/O -- Very LONG -- (was NiMH Cooling ...)  

Hi Dan,
DTC (Diagnostic Trouble Code) & MIL (Malfunction Indicator Lamp).   You really don't want to get these because to properly clear them,  you have to use a THHT (Toyota Hand Held Tester) from the dealer or  pay $3K-$6K for your own personal unit.  
One other way to clear them is to pull a special plug, in a special  place for one minute.  This second method is even less desireable  because you clear the ECU memories everywhere and loose important  DTC data and SOC tracking data.
Regards, Wayne 
Date: Thu, 01 Apr 2004 13:08:45 -0000 

Subject: [Prius-2G] 71.3 MPG (70.8 Calculated).....731 Miles Tank 

Reply-To: Prius-2G@yahoogroups.com 

I just uploaded a picture of my Multi-display to the photos section  under Multi Display.  The Photo is named EMAXX 731 Mile Tank.
I always fill my tank at the same pump, very slowly until I can see  the fuel at the top of the filler.  She took 10.323 gallons, 70.8 MPG.
I will be doing alot fo highway driving over the next 10 days.  First  the WV rally tomorrow (500 miles from Pittsburgh to Charleston to  Pittsburgh) and then about 1400 miles to Myrtle beach and back.  
I don't expect this kind of MPG for awhile because it can only be  achieved if you keep your speed below 42. I am hoping for over 50MPG  during these upcoming highway miles. I will shoot for a 800 mile tank  later this month.
Dan EMAXX
From: "mwbueno" <wbrown@pilgrimspride.com>  

Date: Thu, 01 Apr 2004 13:55:26 -0000  

Subject: [Prius-2G] Re: 71.3 MPG (70.8 Calculated).....731 Miles Tank  

Reply-To: Prius-2G@yahoogroups.com 
Awesome Dan!
You are setting a new standard and showing the world that the  trouble Toyota went to in engineering the EV Mode into our Prius  will actually allow it to get significantly better mileage at low  speed than any other hybrid design not incorporating an EV mode.
You are also uncovering some of the efficiencies still hidden in our  system that I am starting to uncover.  It will be interesting to  know your average speed and environmental variables so we can  calculate just how much more of that 33.5567kW/gallon-US average you  are able to convert while dipping more often into the EV Mode.
Again as is said so often, all of our energy comes from the gasoline  but, you are very likely uncovering part of how the HSD or THS2  systems are more efficient than most of us initially calculated or  thought.  Take a look at your average speed against the Palm THS2  predicted MPG @ that speed!  Way to go!  I know you have found  already and I am finding too that the THS2 program is in great error  when running calculations at less than 41 MPH and contrary to what  one might think, with all the work I put into that program, this is  VERY exciting & VERY  much to my liking!
I sent you a couple of topos for some routes you told me about  earlier.  Are you taking any other routes?  With your permission, I  would like to offer you more detailed and precise topographical data  for any of the routes you are doing these runs on to see if one can  calculate what efficiencies you are getting & how & where your  efficiencies are coming from!
Here is every hope of you getting an 800 mile tank very soon!
Regards, Wayne 
From: "mwbueno" <wbrown@pilgrimspride.com>  

Date: Sat, 10 Apr 2004 08:08:28 -0000 

Subject: [Prius-2G] 25 Ah update or OEM + 18.5 Ah update

Hello All,

Late this afternoon I decided to see how far my HV Battery system would go from an 80% SOC.  I recently finished up a very large structure for our company that is surrounded by an awful lot of concrete parking.  One revolution around the concrete parking area is very close to .8 miles or 1,6 km.  It is very flat & I traveled about 14 MPH in EVb until the HV ECU overrode the EVb and started the ICE.

It took almost exactly 25.5 minutes and I was able to go 5.9 miles or 9.5 km in pure EV.  I felt obligated to stop twice to explain to roving guards what I was up to.  Each stop consumed about 15 seconds so, the entire time moving was right at 25 minutes.  That is almost exactly how long EVb lasted about a month ago while crawling through some very slow Austin, Texas traffic.

To check this out against the OEM 6.5 Ah system, I switched off both the PbA and Second NiMH and which left me with the OEM only.  I got the OEM HV Battery back up to 80% SOC and then ran the same course to see how far it went.  It lasted exactly 6.5 minutes for 1.5 miles or 2,4 km before the ICE started.

This surprised me as it clearly indicates that the PbA is delivering as much to the picture as the NiMH Batteries when traveling at 14 MPH.

Taking the math a little bit further; for those that are reporting 1.3 miles or 2 km per charge, the addition of another 18.5 Ah like I have, would afford you about 5 miles or 8 km total with whatever style you use to get 1.3 miles or 2 km.

The average amperage pull for both runs was right at 10 Amps indicating that about 40% of the HV Battery's total energy is available when charged to 80% SOC.

Another very interesting thing I did was to calculate how efficient the HSD is in converting gasoline chemical energy into Electrical energy @ 1,250 RPM.  I will not explain at this time how I am able to do this but my calculations indicate that the ICE is able to turn 38% of gasoline's chemical energy into electrical energy @ 1,250 RPM.  Add to this Brake and other slow-down Regeneration and it is no wonder that extra Ah are a boon to the system especially at lower speeds.

This is also a great credit to the efficiency of the Atkinson ICE design in our Prius.  Interestingly, my data shows that the ICE only converts 33% of gasoline's chemical energy to electrical energy @ 2,700 RPM even though the ICE itself is more efficient @ that RPM in getting its energy directly to the ground.  This has to do with MG1's & MG2's RPM through the PSD at these two different ICE RPM and of course, the Prius' speed.  I am not going to get into all of that right now.  What is important about all of this is that the ICE is extremely more adept at energy conversion at low RPM than I had before read or even thought it should be capable of.

The above two paragraphs carry some very golden information for many reasons and I feel very fortunate to have gleaned it today.

From: "mwbueno" <wbrown@pilgrimspride.com>  

Date: Fri, 16 Apr 2004 13:37:39 -0000 

Subject: [Prius-2G] Caution - to all extra Ah users & candidates 

Hi Folks; the following is Copy & Paste from the technical group  that should be given very serious consideration before planning to  add extra Ah & use those Ah in EVb mode.  The seriousness of this  situation has not been fully determined and so a state of caution  must be exercised until more is discovered.  I will keep you updated  on our findings and post both here & in the Tech Group.

*** From me (Wayne) in response to Peter's message below mine.

Very nice write up Peter!

Yes, I am concerned about lubrication in extended EVb or EV Button modes with extra Ah for yet another reason also. Not only is EVb (EV Button actuated EV Mode) greatly extended with extra Ah but, there is the ability to apply significantly more Amps (136 Amps or 29 kW vs. 50 Amps or 10.9 kW) to the system via EVb. I think that is partly why EVb is only allowed to go to 33 MPH or 53 km/h where HV ECU actuated EV mode is allowed to go on up to 41 MPH or 66 km/h. Also consider the following table:

MPH.......MG1 RPM......MG2 RPM......Max kW in EV

33........-4,812........1,851...........29 (max for EVb)

41........-5,980........2,300...........11 (max for EV or "Stealth")

I am searching hard, many different things to try and discover how much of a problem this is or is not. I will update as I find things here also.

Regards, Wayne

______________________________________

*** From Peter Rawlinson in response to Norm below Peter's message:

This is interesting Norm, thanks for posting that segment from NCF (which I don't have). The mechanical layout of all the components on that long shaft is as I sketched on my whiteboard the other day after realising the correct location of the PSD. It seems that the only purpose of the oil pump is to force oil into the various bearings on that long shaft in the region of the PSD etc. Presumably, the central long ICE shaft is hollow with an oilway running from the pump end down it's length. Holes at strategic places will allow oil to reach the positions where needed.

I notice from the cutaway pics that the whole assembly is supported by large ball races, 2 at MG1 and 2 at MG2. They will be happily lubed by splash only. These ball races do not support the central ICE shaft directly. It looks like that is done with plain bronze bushings. Also the PSD sun and ring gear run on such bushes. These bushings require excellent (pressurised?)lubrication in order to prevent wear.

This begs a couple of questions in my mind:

1. Is this lot getting adequate lube whilst in stealth mode during which no oil pressure is available. The ICE shaft is stopped, but things on it are still spinning and fast too - the sun gear for instance.

2. Perhaps more importantly, if you have an EV button and it is used to set off from cold (after oil has drained away overnight) thus preventing any initial ICE run and so no oil feed. Would repeatedly setting off this way cause any premature wear of those all important plain bushes? Wayne, this could be particularly relevant for the extra AH stuff that you are working on?

As Norm mentions, it may well be prudent to run the ICE a little before engaging EV button on the first run of the day, thus getting some oil into those various bushes? Especially with extra AH on  board.

I am surprised that they did not invent some kind of fancy mechanical "or gate" such that the pump gets driven from either the ICE shaft OR the MG2 rotor, whichever one is rotating at the time. Both those shafts look to be available at the oil pump location. That would have ensured that oil pressure would be present at all times when things are rotating. Hey are we sure that it doesn't do this now, despite what the NCF simplified diagram shows?

Peter.

_____________________________________

--- In Prius_Technical_Stuff@yahoogroups.com, ndbarker <no_reply@y...wrote: 

> Richard I posted a section of the new features manual that has a picture of the transaxle that is somewhat better than yours here. The transaxle oil pump is definately driven by the ICE. Go to Transaxle in the Files section. > This also confirms that the oil pump would only be driven when the ICE is running. It appears to me that you would always want the ICE to start and force feed lubrication into the transaxle bearings before driving the car after it has set for a while

> Norm

From: "priusmaniac" <priusmaniac@yahoo.com> 

Delivered-To: mailing list Prius-2G@yahoogroups.com 

Date: Fri, 23 Apr 2004 15:45:23 -0000 

Subject: [Prius-2G] Ken made a major discovory for gridcharging ! 

Hello,

Many people have long looked at finding a way to improve the EV mode

range of the Prius.

It has already been discovered by Wayne that extra batteries can be added in parallel to the existing NiMH battery. This is not only giving more autonomy but also better fuel efficiency.

One last problem was remaining though, the batteries can not be charged from the grid without upsetting the battery ECU; the system that monitors incoming and outgoing currents. For that reason it was impossible up to now to gridcharge the Prius.

I say up to now because Ken a 2G group member inadvertently mentioned in a recent message that a special Toyota made charger was used to reload NiMH batteries at Toyota garages.

Then Richard mentioned that the system was double connecting to not only the battery but also the Battery ECU. This means that special charger is able to communicate with the ECU while it is busy charging the battery. The result is that the battery can thus be charged without upsetting the battery ECU.

Here is a copy of the original message that Ken posted:

>Toyota has a service tool called "THS Charger".

http://www4.kcn.ne.jp/~smile0/foto/up/img-box/img20040417035305.gif
[PHOTO SINCE UPLOADED TO PHOTOS SECTION AT PRIUS-2G, FOUND AT:}
http://photos.groups.yahoo.com/group/Prius-2G/vwp?.dir=/&.src=gr&.dnm=Prius+Grid+Charger.gif&.view=t
This is used when HV battery can't start ICE by MG1 because of low SOC.

Maybe he doesn't know yet, but he has placed his finger on something really big. A Toyota made Prius adapted grid charger.

Patrick
From: "Ken@Japan" <ym1784@dream.com> 

Delivered-To: mailing list Prius-2G@yahoogroups.com 

List-Unsubscribe: <mailto:Prius-2G-unsubscribe@yahoogroups.com> 

Date: Fri, 23 Apr 2004 22:28:27 -0000 

Subject: [Prius-2G] Re: Ken made a major discovory for gridcharging ! 

Hi all,

I just posted my message to gridable-hybrid group.

Following is the copy of it.

--- In gridable-hybrids@yahoogroups.com, "Ken@J..." <ym1784@d...> wrote:

Hello all,
I was called by Patrick to join this group, so here I am.

A. THS Charger

I have the "Electric Technical Manual" CDROM from Toyota which contains the technical, service and wiring information for dealers written in Japanese. The GIF image about the THS Charger is derived from that. I believe the English version can be downloaded from techinfo.toyota.com.

The parts number of the THS Charger is 09880-00011(09881-00011). The TsSCAN (P/N 09991-70200) is also required to monitor and invoke charging connected to the DLC3 connector.

You're right that the purpose of the charger is just for charging a little for the dead battery to be enable the MG1 to start ICE. The charging time is 30 minutes at 0C or 10 minutes in 30C degree. The procedure is very complicated and takes a lot of time. Therefore, I think it is not for daily use about grid-charging.

B. Toyota Prius I do not think Prius is a good platform of the Gridable Hybrid Vehicle. It is just designed for good mileage Gas-Electric Hybrid, period. Please remember that Toyota reduced the battery volume from 38 modules on Classic to 28 modules on 2004 model. However, 2004 Prius has more power and better mileage than Classic. It is Toyota's intention that the target of their hybrid vehicle is better mileage with smaller battery. The excess use of EVb mode will harm the mileage described in owner's manual.

Prius is rated only HEV-02(2 miles in EV mode).

If you add two extra Toyota original NiMH battery sets, it is still only HEV-06 where number of users are limited, I think. If it were HEV-20, it becomes popular but ten battery sets means no passenger's\ space in current Prius.

C. Gridable Hybrid Vehicle

I think the best platform is an EV like GM EV1 or Toyota RAV4 EV which has

far bigger battery than Prius.

Then install a small fuel efficient and low pollution ICE to extend mile coverage.

Regards,

Ken@Japan
From: "d0li0" <d0li0@yahoo.com> 

Delivered-To: mailing list gridable-hybrids@yahoogroups.com 

List-Unsubscribe: <mailto:gridable-hybrids-unsubscribe@yahoogroups.com> 

Date: Thu, 22 Apr 2004 23:09:33 -0000 

Subject: [gridable-hybrids] Re: Toyota made Prius NiMH battery charger 

I believe that this "service tool" is only designed for one simple task.  To Charge a Dead HV Battery Pack, A Very Dead Battery Pack. Toyota has gone to great pains to avoid "Taking the Plug" as it were. So I don't think this charger is "Ideal" for our "Grid Charge Wants".

If you examine the image closely, there are two cables. The one attached to the front (engion bay area)(SST1) may be a "special plug" just for the charger, or it may require disconnecting something else in order to plug in the charger. The cable to the back appears to be the latter.  It looks to me like the large connector was removed from the BMS computer then the chargers cable (SST2) plugs into the computer and the removed connector (Patching into the computer).

I would further speculate that the charger is communicating on some level with the BMS, and obviousely it has to supply charging power. It "might" function without a 12v accessory battery, so the charger may provide 12v power to the BMS.  I would imagine that the charger does not disturbe the BMS's normal tracking and other functions, which IS just what we are looking for.  But there's no reason to think that the car will run with the charger installed. I hope I'm wrong and it could be permenently installed, we'll see.

L8r

 Ryan

From: "Richard Scheffenegger" <rscheff@chello.at> 

Delivered-To: mailing list gridable-hybrids@yahoogroups.com 
Date: Sun, 25 Apr 2004 13:31:31 +0200 

Subject: [gridable-hybrids] Re: Toyota made Prius NiMH battery charger 

But if the charger adjusts it's output current to the temperature of the battery (which i deduce from the 3x longer charging time, which is also consistent with the performance graphs of NiMH cells vs. temperature (ie. if the ions in the electrolyte can move more freely at higher temperatures, their current / power ratings go up by about that factor), some from of intelligence is obviously built-in; the charger need to talk to the bat ecu in order to not upset it, and read it's min / max cell temperatures from the can bus - so, reading just another variable (SOC) and limiting the current mroe (to zero amps) is not that far fetched; also, toyota would be on the safe side, if a maintenance guy got distracted during the charge and go for a

longer-than-30 min lunch...

Richard
From: doug korthof <poisenpen2003@yahoo.com> 

Delivered-To: mailing list gridable-hybrids@yahoogroups.com 

Date: Sun, 25 Apr 2004 01:09:16 -0700 (PDT) 

Subject: [gridable-hybrids] Prius serial hybrid: NiMH battery lasts over 150K miles in RAV4-EV 

Hi Ken,

The high mileage Toyota, as I stated, had NO discernable degradation; so we don't know how far it will go.  It's just "up to" 130K miles last I heard.  The assumption was that it will go past 150K miles, and it should be past that now.

Secondly, "cycles" for the Toyota must be compared to "cycles" for the Prius battery.

We don't usually run the RAV4-EV to empty, and we don't always fill it to 100%.  So not all 100 mile stretches are a "cycle".  Hence, no one knows how many "cycles" each RAV4-EV has actually undergone, where a "cycle" is going from "empty" (that's really about 60% charge on the RAV4-EV, which reads as "zero" on the car software) to "full" (that's about 110% of what it should be filled to).

The Prius, on the other hand, should hardly "cycle" at all, because it's continually being recharged.  Hence, when you compare the life of a Prius battery used as a pluggable EV, the life should be far greater than 150K miles, and certainly more than 9K!

Let me put it this way: if the NiMH Panasonic battery will last *over* 150,000 miles in the RAV4-EV, where it is the only source of power, it should last at least that long when used as a pluggable hybrid battery.  For one thing, the PHEV battery would never get cycled down to empty, as the RAV4-EV sometimes does.

I wonder at the fact that some Prius batteries might fail, and I wonder if there is a simple issue that needs to be dealt with.

The only reason NiMH batteries degrade might be related to a runaway thermal event that occurs when the battery is overcharged.  This unlikely event is problematic, because charging should cease and fans should cool the NiMH pack before damage can occur.  There was such a problem with the GM NiMH EV1, where apparently some packs did get damaged.

The big secret is just to never fill the NiMH battery to 100%, and never to overcharge it.  If this is not built-in to the Prius software, I would be interested.  It would be a flaw that needs to be fixed.  If you always charge "20% to 80%", there should be no problem, as I understand it, and as seems true with the 4 NiMH EVs I have driven extensively.

From: "Richard Scheffenegger" <rscheff@chello.at> 

Delivered-To: mailing list gridable-hybrids@yahoogroups.com 

Date: Sun, 25 Apr 2004 14:31:04 +0200 

Subject: [gridable-hybrids] Re:NiMH battery lasts over 150K miles in RAV4-EV 

Correct; The Prius I at least, for which I have very reliable data, tries to have the SOC (as determined by the battery computer) at 60% - typically seen when you do longer overland or highway drives; if you do mostly city driving, the SOC will be at about 56%; both plus minus 2% at 80+% of the time; in city driving, you will sometimes see SOCs as low as 50% but this 10% SOC devation or range up to the "sweet spot" of 60% is maintained for 95+% of the time; The Prius SOC range (delta SOC) is defined in the computers with 20%, i.e. 80%-40% .- these two points are the worst case SOCs you'll ever encounter in the Prius under extreme conditions (ie. long, steep declines, long steep highway uphill accceleration).

The Prius does very, very many "micro-cycles" of only 1-5% depth-of-discharge, before it recharges also about the same;

As Doug stated, even the RAV-E4 doesn't do full deep-discharges (which would reduce the nominal capacity of a cell down to 80% after 500-2500 cycles, according to manufacturers), but instead does many more mini-cycles of, say, 30-40% DOD.

One fact I'd be interested in would be if it's true, that the RAV-E4 modules are the same (look alike) with those of the prius, and how many are installed and in what type of circuit, together with peak discharge currents!

Regards,

   Richard
From: doug korthof <poisenpen2003@yahoo.com> 

X-Yahoo-Profile: poisenpen2003 

Delivered-To: mailing list gridable-hybrids@yahoogroups.com 

Date: Sun, 25 Apr 2004 08:19:21 -0700 (PDT) 

Subject: Re: [gridable-hybrids] Re:NiMH battery lasts over 150K miles in RAV4-EV 
Hi,

Thanks for the clarification.

I too would be very interested in whether the Prius uses analogous batteries to the RAV4-EV; I have heard that Panasonic (Matsushita) was enjoined to stop making RAV4-EV batteries by the Chevron-Texaco lawsuit, so I suppose that the batteries they are allowed to make cannot be adapted to the RAV4-EV or any other existing EV, part of their campaign to discredit and kill EVs.  The question is, would they be allowed to sell NiMH Prius batteries for a car maker who wishes to make a hybrid that is capable of being plugged in?  It seems not, and there may be a clause in the settlement somewhere that required Toyota to make it difficult to plug in their Prius.  It would have been simple for Toyota to build racks for an expanded battery, to make the second motor capable of driving it at freeway speeds, and put a battery charger on the pack.  The fact that they, and every other maker, sabotaged would-be pluggable hybrids tells me that the lawsuit might have been effective, with Chevron-Texaco in control of the NiMH patents.  

Output of the RAV4-EV (288v) is a maximum 100 kw, I've heard, but mild braking in conjunction with full regenerative mode has registered momentary surges of 200 kw of energy recouped into the battery.  A good rule of thumb is that the car (it holds a maximum of 28 kwh of accessible electric power) will run 1.4 hours at 20 kw average, using up the 28 kwh in about 110 miles at 65 miles per hour.  Thus, it gets about 3 miles per kwh (the more aerodynamic EV1 got up to 5.5 miles per kw) and the equivalent of 130 miles per Gallon Gas Equivalent ("GGE", about 35 kwh).  These numbers are just my recollection, subject to engineer correction.  The lead-acid EV1 got up to 110 miles on its 18 kwh, or about 200 miles per GGE.

In any case, I suspect that the Prius batteries are very high quality, like the RAV4-EV, and am very suprised that there seem to be replacements required.  When batteries are used just as a reservoir, they don't get much degradation.  On a solar system, for example, the AGM batteries can work for 10, 20 or more years, because they function (except in the case of grid failure) merely as a sort of reservoir or voltage regulator for the inverter.
[This post is in response to Dan's email about getting over 700 miles/tank; some members of Prius-2G are now reporting they're achieving over 800 miles/tank; On May 10, 2004 Dan Kroushl reported getting 967 miles on one tank, 85.7 MPG avg.. Wayne's comment is included here not because of the miles/tank but rather because he talks about the benefits of adding batteries.]
From: "mwbueno" <wbrown@pilgrimspride.com> 

Delivered-To: mailing list Prius-2G@yahoogroups.com 

Date: Fri, 30 Apr 2004 12:50:49 -0000 

Subject: [Prius-2G] Re: Hi Mileage Tanks 

Dan,

You are one of the true experts in this field, not I.  I totally lucked out with some very strong tailwinds going down to Houston on Monday and then back on Wednesday; 77 F or above both runs also.  I had tailwinds both ways as posted in an earlier post.  My grumbling and griping about slow driving was for just the last 200 miles of that 803 tank.  I cannot imagine doing 35 MPH for even 300 miles much less 800, 900 or 1,000 miles.  I just don't have it in me.

I also have about an 8-10% mileage advantage with some extra Ah of HV Battery.  I cannot imagine what you would do at say 40 MPH with my setup!  I should probably trade you cars for a month just to see what you could do.

In reality, my mileage should not be a standard of any sort with the unfair advantages I had on this tank (tailwinds & extra Ah).  I still recognize you & the masters in Japan (Ken et al.) as the true mileage gurus.  My 803 mile tank was the product of some unfairly added brute force, lots of luck & very little skill.

Regards,

Wayne

[Felix Kramer/Calcars]: I haven't met Ronald Gremban; he's a sales engineer at a Bay Area commercial/residential photovoltaic company,<http://www.sunlitsystems.com/>
From: "rgremban" <yahoo@forsites.com> 

To: mailing list Prius-2G@yahoogroups.com

Date: Thu, 13 May 2004 19:04:09 -0000 

Subject: [Prius-2G] PriusPlus experimentation interest, an idea, and discussion migration request Reply-To: 

After reviewing the CalCars.org site, the PriusTechPosts.doc there, and various related Yahoo newsgroups, I am quite interested in purchasing a Prius and joining the coordinated experimentation toward an effective plug-in hybrid.  As an electrical engineer and electric vehicle old-timer (I drove an electric car across the USA in 1968), I may manage to add to the collective knowledge and even come up with some useful wrinkles.

I have one idea already.  Much discussion has centered on paralleling more batteries (of various kinds) with the Prius' NiMH battery pack, then somehow fooling the ECU into handling both the added capacity and the change in state due to charging from the grid.  Today I found a site in Hong Kong (http://www.everspring.net/product-battery-pricing.htm) selling lithium batteries at around $.45/W-hr and with delivery promised in 2 weeks ARO!  Though I don't yet know their characteristics or how good they really are, I am encouraged because a 50Ah, 200V pack would cost $5000, weigh only 172 lb, and propel a Prius for over 30 mi, even at 0.33kWh/mi!

[Felix: From website: Environmental friendly Colloid Solid State Cr-F-Li Battery is an cost effective alternative for Lithium Ion Battery of high power, high capacity, security and practicability]
What if such a battery pack were added through a diode and charge controller so that it could ONLY be charged from the grid.  As a dedicated lithium-battery-specific charger could be used to charge the lithium pack, the lithium pack would be treated well and differential charging against the NiMH pack would not be a problem.  The lithium pack could be of a voltage and so wired to the NiMH pack that it would supply power to charge the NiMH pack as necessary, appearing to the ECU as if it were energy from the IC engine.  The NiMH pack would continue to be used as designed.  This could solve many problems.  The only significant loss would be the inability to use regenerative braking on long (e.g. mountainous) slopes to recharge the lithium pack.

I noticed that previous PriusPlus technical posts have been spread out among several -- sometimes prolific -- Yahoo groups, making a collaborative discussion very difficult to find and follow: Prius_Technical_Stuff, 2004-prius, Prius-2G, and gridable-hybrids. Felix Kramer of CalCars suggested (below) that replies to this message (and, presumably, future PriusPlus discussion) be to the gridable-hybrids group:

> Thanks...got it this time. Interesting idea...My recommended approach is that you post both to http://groups.yahoo.com/group/gridable-hybrids/ and to > http://groups.yahoo.com/group/Prius-2G/  and suggest replies be on gridable.  (you could include in the email the fact that I suggested you  open it up to general discussion as a strategy. Felix

Sincerely, /ron gremban
prius_technical_stuff Message 8657 of 8658 

From:  "Bill Powell" "Bill Powell" <whp@att.net>
Date:  Thu May 13, 2004  7:22 pm

Subject:  Re: PriusPlus experimentation interest, an idea, and discussion migration reques

Welcome to the "droup" Ron!
--- In Prius_Technical_Stuff@yahoogroups.com, "rgremban" <yahoo@f...>

<snip>

> Today I found a site in Hong Kong (http://www.everspring.net/product-battery-pricing.htm) selling lithium batteries at around $.45/W-hr and with delivery promised in 2 weeks ARO! Though I don't yet know their characteristics or how good they really are, I am encouraged because a 50Ah, 200V pack would cost $5000, weigh only 172 lb, and propel a Prius for over 30 mi, even at 0.33kWh/mi!

Good price and power / weight ratio.

Size?

Cooling?

Number of recharge cycles before half-life?

> What if such a battery pack were added through a diode

Rots of ruck finding a low e-drop diode with the necessary current

capacity!

> and charge controller so that it could ONLY be charged from the grid.

Nothing but $$ on this one. A/H to 80% (NOT 100%) overnite is gonna

put a smile on a salescritter's face somewhere.

> As a dedicated lithium-battery-specific charger could be used to charge the lithium pack, the lithium pack would be treated well and differential charging against the NiMH pack would not be a problem.

And using the Prius NiMh charge profile on Li-Ion cells would be -

well - "interesting"...

> The lithium pack could be of a voltage and so wired to the NiMH pack that it would supply power to charge the NiMH pack as necessary, appearing to the ECU as if it were energy from the IC engine.

NOT necessarily a very good idea. A VERY cautious experiment is

probably in order. You need to yack with Wayne (mwbueno).

> The NiMH pack would continue to be used as designed. This could solve many problems.

Or not :-)

> The only significant loss would be the inability to use regenerative braking on long (e.g. mountainous) slopes to recharge the lithium pack.

And losses associated with diode voltage drop and accompanying

dissipation.

<snip>

Questions:

Is your intended "victim" a gen 2 (01-03) or gen 3 (04) car?

Have you considered using a large power FET as a "diode"?

Whatever you choose to do, PLEASE keep THIS group updated?

PLEASE keep as much documentation as you can! Look at what Wayne

documents in his Pb-A experiments.

Good Luck!

Bill Powell - NJ HALFGAS "Trey"

Prius_Technical_Stuff Message 8659 of 8661

From:  "Richard Scheffenegger" <rscheff@c...>

 Date:  Fri May 14, 2004  1:34 am 

Subject:  Re: PriusPlus experimentation interest

I would think that Li-Ions need a very tight thermal management. Also, you will need mechanical reinforcements to prevent those cells from "ballooning" during charging.

I've read that the 50 Ah cells are capable of delivering 150 A pulses, which would be enough for the classic Prius. If you want to put them in the Prius II, make sure that the cells are capable of delivering 200-250 A pulses. Another very critical but extremely interesting parameter would be the calendar life and the cycle life of the Cells when used only with Micro- and Mini-Cycles (I'll define a Microcycle as being < 200 As (10 Wh for the whole pack), and a Minicycle ~ 1-2 Ah (300-400 Wh for the pack).

The Panasonic BMS might be able to operate directly with LiIons if you substitute each NiMH module (6 cells) by 2 Li-Ion Cells, which are capable of 4,2 V max operation (not only 3,6 V max).

Have you calculated the space needed for the LiIons, cooling system and mounting / housing them?

If my numbers are correct (115 x 46 x 195 mm for a cell), a full Prius II pack would need 1288 mm x 230 mm x 195 mm.

Still, effective cooling would probably be most critical for reducing fire / explosion hazard.

Richard
From: kroushl2@comcast.net 

Date: Fri, 14 May 2004 09:33:32 +0000 

To: Felix Kramer

Yes Felix, I saw the post.  It is very interesting.  I was wondering if it was too good to be true!  I have learned alot from Wayne about how extra Ah would interact with the OEM battery in parallel.  It is very important that the resistance of the new battery pack have equal or lower internal resistance compared to the OEM battery.  Otherwise you may not realize the full potential of the new battery.  Maybe someone could check on this?

Even if this proves to be a good fit for the Prius, $5000 is too expensive for me.  My budget is ~$3000.  That is the price difference between my package #7 and a Package #9.  I can rationalize the extra expense of adding more Ah by telling myself that I am creating a new package called #7+, which costs the  same as a #9.  

Now if those batteries come in a 25Ah size, then I would consider it.

Regards,

Dan

Date: Fri, 14 May 2004 08:34:40 -0500 

From: "Wayne Brown" <WBROWN@pilgrimspride.com> 

To: Felix Kramer

My take on this is; I hope someone will break the Li-Ion barrier someday soon.  I have always thought that possibly Richard S might be the pioneer on that one or at least the first successful Pioneer.  

If Ronald G is adept at the chemistry and particulars surrounding Li-Ion, he would be a great candidate for this attempt.  Please don't pass up resources that Richards S might be willing to share in this arena; he has really put some time into understanding the Prius, NiMH, Li-Ion and Grid Charging for a long time.

For me, $5,000 is too much at this point as I have just invested in about $2,000 dollars more into some NiMH

Phase 1 testing went extremely well and Phase 2 will have the assembly finished and being tested by the end of next week.  When done & if successful, my '04 will have 31Ah of relatively well OEM-matched NiMH power in it.  Even more wonderful is that this stuff only weighs 50 lbs per 6Ah @ 201.6 nominal.  We may have a way for people to add as much as 18-24Ah of well OEM-matched NiMH for as little as $2,500 to $3,000.  25-30Ah is what I have always considered the low end of a reasonable PHEV Ah amount.  If this works, I will begin immediately working on Grid Charging this kind of system.

I have the no oil pump during EV mode problem solved if it turns out to be a problem at all. I have several patents on an electrical oil pump that would solve this problem very nicely and very easily; more on this later if it turns out that we even need it. Send us your prayers & wish us lots of luck; we are into this all the way now!

Regards, Wayne

Message 8662 of 8663  |  Previous | Next  [ Up Thread ]  Message Index           Msg #    

 Date: Fri, 14 May 2004 11:42:33 -0700 

To: Felix Kramer <fkramer@calcars.org> 

From: Andy Frank <aafrank@ucdavis.edu> 

Subject: Re: Can you comment on another way of converting Prius? 

X-ELNK-AV: 0 

Felix:

I'm impressed with these guys fooling around in their back yard.  They all seem to have the basics down pretty well.  The business of using Li ion of Ron sounds OK but the key is separate Li Ion battery management system.

His idea is pretty good in that the Li pack could be charged independently and matched in voltage to the Nimhd pack in the vehicle.  Then from the Toyota battery controller point of view, it simply sees that the battery is not discharging as fast and it would keep the vehicle in the electric mode longer, especially if the manual electric switch were implemented.

The problem with the Li technology is when the cells are put in series to make the high voltage.  The matching of the cells and the internal resistance consistency of the cells could be a problem.  Also the cells' internal resistance need to be low enough.  These problems could be solved with the appropriate computer monitor system.  If fires can be prevented with lithium.  Metal hydride is safer.

From:  Lee Hart <leeahart@earthlink.net.> 

Date:  Fri May 14, 2004  9:11 am

Subject:  Re: [Prius_Technical_Stuff] Re: PriusPlus experimentation interest

Message 8662 of 8663

rgremban wrote: 

>> I found a site in Hong Kong (http://www.everspring.net/product-battery-pricing.htm)  selling lithium batteries at around $.45/W-hr and with delivery  promised in 2 weeks ARO!

Richard Scheffenegger replied: 

> I would think that Li-Ions need a very tight thermal management. Also, you will need mechanical reinforcements to prevent those cells from "ballooning" during charging. 

>I've read that the 50 Ah cells are capable of delivering 150 A pulses, which would be enough for the classic Prius. If you want to put them in the Prius II, make sure that the cells are capable of delivering 200-250 A pulses. Another very critical but extremely interesting parameter would be the calendar life and the cycle life of the Cells when used only with Micro- and Mini-Cycles...

Your comments are very much on-target, Richard. I and some friends bought several hundred of these Thunder-Sky LiIon batteries last year, and have been testing them. Their performance is quite a bit less than their claims. Battery manufacturers are among the most "creative" marketeers, and Thunder-Sky is right up there with the best (worst) of them in exaggerating their claims.

Personally, I bought LP90-AP (3.6v 90ah) cells. First, the bad news:

- Actual measured capacity is 60-73ah at 25a. 

- High internal resistance; 0.25-0.5v sag at 25a, >2v sag at 200a. 

- Overheats even at light loads; battery temp rises 10 deg.F/hour even with a 25 amp load. 

- Thunder-Sky's charging recommendation are nonsense, and will kill the cells in <200 cycles. 

- An elaborate battery monitoring system is required, to monitor and regulate the voltage at every cell. Without one, it is trivially easy to push cell voltage <2.5v or >4.3v due to the high internal resistance and large variations between cells. 

- Quality control is poor (large performance variations between cells). 

- Fit and finish is poor (corroded terminals, homemade-looking inter

- cell jumpers, badly fitting mounting brackets, etc.) 

- There is evidence that these cells were not all manufactured at once, but hand-made slowly over a longer period of time; i.e. they might have shipped prototypes, rejects, or old stock. 

- Buying them is scary; they have you wire the money in advance to a bank account in the Virgin Islands, and no refunds can be made. Then they ship you the cells when they get around to it (months, not weeks later). There is no warranty. 

- It appears that their life expectancy is based on calendar life; capacity falls off with time regardless of whether the battery is used or not, and looks like they will only last 3-4 years. 

- We've had to design our own battery management and charging systems. This is a major effort, as the cells require a lot of 'herding' to keep them in line.

But, there is good news:

- Some in our group bought the LP100-AP cells; they appeared to be of better construction, had more consistent performance, and came closer to meeting their advertised data. 

- Victor Tikhonov, who organized the group purchase, got a couple sample LP100-AP cells first to see if the company was real. These (no doubt) hand-picked samples were great, and fully met specs. So, Thunder-Sky is *capable* of producing good batteries. 

- Cedric Lynch used LP90-AP cells in his "feet forward" electric motorcycle, an extremely efficient vehicle more like a solar car than a normal vehicle. With the very low current it requires, the cells performed well (he has a range of over 200 miles on a charge). 

- John Lussmyer has his Sparrow EV working with the LP90-AP cells. Even though there are severe voltage sag and overheating battery problems, the range is still much more than lead-acid batteries.

Most of the rest of us (including me) are still trying to figure out what to do with a battery with high energy storage but poor peak power capability and short life. It isn't really suited to our intended use (to power our electric vehicles). 

-- "Never doubt that a small group of committed people can change the world. Indeed, it's the only thing that ever has!" -- Margaret Meade 

-- Lee A. Hart 814 8th Ave N Sartell MN 56377 leeahart_at_earthlink.net

To: Felix Kramer <fkramer@calcars.org> 

From: Andy Frank <aafrank@ucdavis.edu> 

Subject: Re: one more comment on ThunderSky batteries from last email 

These guys have just verified my worst fears about batteries from China.  I said that Li requires very careful monitor of the temperature and the physical growth of the cells as they charge and discharge.

sure they are great on paper but I doubt very much that they are ready for prime time.  metal Hydrides are still the best for the next five to ten years.
Message 8670 of 8683
From:  Lee Hart <leeahart@e...> 

Date:  Fri May 14, 2004  11:02 pm

Subject:  Re: [Prius_Technical_Stuff] Re: PriusPlus experimentation interest

Lee Hart wrote:

>> Most of the rest of us (including me) are still trying to figure out what to do with a battery with high energy storage but poor peak power capability and short life.

Greg Locock wrote: 

> Have you considered using a second battery type (lead acid or supercapacitors spring to mind) to take the peak load off your unsatisfactory cells?

Yes. Victor Tikhonov is trying supercapacitors. Cedric Lynch is minimizing vehicle power consumption to stay within the battery's limitations. John Lussmyer is just 'toughing it out' to see what happens to these cells if they are used at high currents. Several others are trying to squeeze enough of them into a vehicle so the load on an individual cell is low enough. I'm experimenting with a second high-peak-power lead-acid battery. But they add cost and complexity to an already expensive and complex situation.

For the Prius, I'm leaning toward having a relatively low-voltage pack of LiIons, with a boost converter to step up their voltage when power is needed, and an AC battery charger to recharge them when you get home. Let the existing Nimh pack supply the high peak current when accellerating and regenerative braking.--

Lee A. Hart 814 8th Ave N Sartell MN 56377 leeahart_at_earthlink.ne
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From:  "rgremban" <yahoo@f...> 

Date:  Sat May 15, 2004  12:51 am

Subject:  Re: PriusPlus experimentation interest

Actually, I believe my idea for use of lithium (Li-Ion, Cr-F-Li, etc.) batteries in a pluggable Prius will minimize such issues as internal resistance and parallel battery charge balancing (heating will no doubt still have to be addressed). Let the existing Prius' NiMH batteries continue to handle surges (double the NiMH battery pack if it improves non-ICE acceleration and braking without exceeding the limits of the motor and its controller).

In more detail: I suggest creating a lithium battery pack with a nominal output voltage equal to the floating charge voltage of the Prius' existing NiMH pack. By this, I mean the voltage that a nearly fully charged NiMH pack can be floated at indefinitely to continue charging. Let's say it is 233V; this would mean using e.g. 65 3.6V lithium cells for 234V. A Thunder-Sky 50Ah pack would be 11.7 kWh, 200 lb, and 2.33 cu-ft without . There may be a problem with this plan if the temperature coefficient of these voltages for the two chemistries is too different; that's something to figure out next.

This lithium pack would be added, via a high-power solid-state switch allowing only discharge and only when desired, to the motor/generator side of the Prius' battery pack current sensor. The lithium pack's nominal voltage will keep the NiMH pack fully charged or charging, though the Prius' ECU may also occasionally increase the charging voltage/current.

Let's assume the lithium pack's internal resistance is higher than that of the NiMH pack, despite its higher capacity. As the Prius' motor demands more and more current, the combined battery pack voltage will decrease. Until this voltage is lowered to 203V, all the current will be supplied by the lithium pack, which is also continuing to charge the NiMH pack, albeit more and more slowly. Below that voltage, more and more of the current will be supplied by the NiMH pack, with the Li-Ion pack helping out as its internal resistance permits. It never has to supply the large surge currents, and as it is itself discharged, it will supply a smaller and smaller proportion of them.

The battery sizes should be tuned so that during acceleration the NiMH pack provides most of the current; during steady-state non-ICE driving, the Li-Ion pack provides all of the current plus a little for recharging the NiMH battery; and during no-load or breaking, the Li-Ion pack charges the NiMH pack or is out of the circuit.

Any time the lithium pack is charging the NiMH pack, the solid-state switch between the packs will be switched off to stop the charging as soon as the NiMH pack has reached a desirable state of charge that still provides room for regenerative braking.

As the Li-Ion pack is depleted, as well as when the car's speed exceeds that which the electric motor can sustain, the ICE will be called on to provide supplementary power, just as it does now.

The ICE would never charge the lithium battery pack. This would be done only via a specialized grid-powered Li-Ion charger. Plugging in the charger would cause deactivation of the solid-state switch between the battery packs, ensuring that the NiMH pack would never be subjected to lithium charging voltages.

Once again, I believe this will work. I am willing to experiment with it once preliminary discussions and (e.g. battery) experiments indicate probable success.

Lee's evaluation of Thunder-Sky lithium batteries was helpful, interesting, and at least somewhat discouraging.

How much are the Thunder-Sky cells selling for, especially the 50Ah cells?

I didn't see any prices on Thunder-Sky's site. Everspring (http://www.everspring.net) is actually selling the same cells (their non-hazardous shipment guarantee letter is even signed by Thunder-Sky). The smallest cell is 50Ah, for $96 to $66, depending on quantity.

Are there any other brands of large, relatively affordable lithium batteries out there, too?

I have not yet begun to experiment. Maybe, until I have a Prius, I will buy an Everspring cell, then, if it proves real, 3 more to power experiments using my electric bicycle (does anyone know where I can get an inexpensive, 1 hp continuous, series-wound motor for it?).

/ron grembanCorte Madera, CA

 t

Message 8695 of 8697 Prius_Technical_Stuff 

From:  "electricitylikesme" <electricitylikesme@h...> 

Date:  Sun May 16, 2004  2:54 am

In theory could this idea not be made to work with PbA batteries instead, and if so would this not be a simpler solution to the entire problem of a griddable hybrid? We could then use deep- discharge marine batteries of some type and run them full cycle. I'm an Australian with a 04 with the EV switch already - if someone could supply me with the appropriate instructions to do this sort of mod I'd be happy to undertake it (especially since in my circumstance it could be conceivable I could do pure EV to uni and back).

How did Wayne do his own PbA mod? I've been looking for instructions everywhere and can't find any!

- Will

Message 8699 of 8709  Prius_Technical Stuff

From:  "Richard Scheffenegger" <rscheff@c...> 

Date:  Mon May 17, 2004  3:15 am

Subject:  Re: PriusPlus experimentation interest

Do these cells have means to support "embedded" temperature sensors?

They look quite monolithic with a low surface / volume ratio, making effective cooling very hard...

Perhaps a liquid cooling system as Saft Sweden (or was it Norway) is using for their fully assembled (prototype) Li-Ion packs would be a good start...

Perhaps using two hand-picked cells in parellel at each stage of the multi-cell battery can easy the limits on the internal resistance difference between two cells?

I just learned that what I said in my original comment was basically the main issue with Li-Ions from the decent vendors - i.e. in order too get decent power ratings, they have to provide very ample capacity in order to support the currents w/o damaging the pack.

Message 8707 of 8709  |Prius_Technical Stuff   

From:  Lee Hart <leeahart@e...> 

Date:  Mon May 17, 2004  9:24 am

Subject:  Re: [Prius_Technical_Stuff] Re: PriusPlus experimentation interest

Richard Scheffenegger wrote:

> Theoretically, a full, two-way booster converter to/from the supercapacitors and a DC/DC converter from/to the LiIon with current-limiting and a intermediate, high voltage circuit should yield the most efficient way of shuffling power & > energy around, wouldn't it be for the switching losses in the silicon and inductances.... 

> However, these many components would have very high cost, so > only good for a prototype kind of vehicle.

What I propose is fairly simple and straightforward. To an existing

Prius, add:

1. A low-voltage, high amphour, battery pack. For example, 36v and 200 amphours. This is 7.2kwh of energy storage, roughly 4 times the existing nimh pack. Thus if your pure-electric range was 2 miles, this could extend it to 10 miles.

This pack could be anything from six 6v golf cart batteries (372 lbs, $300) to 30 of the Thunder-Sky 3.6v 90ah LiIons I'm testing (160 lbs, $3600).

2. A 36v to 275v bidirectional 3kw DC/DC converter. It will need control systems to limit charge/discharge current and voltage on each side to reasonable values for the respective battery packs.

I know of no such product available off-the-shelf, but many that come close, and could be adapted with some work. Bidirectional products are rare. The simplest is a motor-generator; a 36vdc and 240vdc motors coupled together, one a PM motor and the other with a wound field to control how much and which way power flows. But this is crude and rather inefficent (70-80%).

Using standard products, it is easier to use a separate DC/DC converter for each direction. For example, a switching power supply normally used with 120/240vac input will also convert 250-300vdc from the Prius pack to 36vdc for about $750 (and it can double as your AC charger; see item 3). Going the other way, there are many DC-to-AC inverters that can convert the 36v to 120/240vac; a simple phase-controlled rectifier can convert this 250-300vdc to recharge the Prius nimh pack.

3. A battery charger that can recharge the 36v pack from a normal 120vac wall outlet. This is a completely standard item, used by the millions in electric golf carts and industrial vehicles.

4. Control electronics. This is the hardest part, because exactly what needs to be done needs to be defined and tested. The hardware itself is probably just an inexpensive microcomputer. All the design effort will have to go into the software, and how to interface it to the Prius system so they "play nice" together.

Message 8708 of 8709  Prius_Technical Stuff   

From:  Lee Hart <leeahart@e...> 

Date:  Mon May 17, 2004  8:26 am

Subject:  Re: [Prius_Technical_Stuff] Re: PriusPlus experimentation interest 

Richard Scheffenegger wrote:

> Do these cells have means to support "embedded" temperature sensors? 

> They look quite monolithic with a low surface / volume ratio, making effective cooling very hard...

The Thunder-Skys have thick plastic walls, to withstand internal pressure. They require a compression mount as well to prevent swelling. There are ribs on the sides to create air passages between the cells for cooling, but even with a considerable air flow they overheat.

The only practical way to sense their temperature is by the temperature of the terminals. They are a metal part that extends into the cell, and thus gives you a hint of the internal temperature.

They are just not designed for high currents; just high capacity.

From: "rgremban" <yahoo@forsites.com> 

Delivered-To: mailing list Prius_Technical_Stuff@yahoogroups.com 

Date: Tue, 18 May 2004 10:46:56 -0000 

Subject: [Prius_Technical_Stuff] Re: PriusPlus experimentation interest

--- In Prius_Technical_Stuff@yahoogroups.com, Lee Hart <leeahart@e...>

wrote:

> rgremban wrote:

> > ...I suggest creating a lithium battery pack with a nominal output

> > voltage equal to the floating charge voltage of the Prius' existing

> > NiMH pack. By this, I mean the voltage that a nearly fully charged

> > NiMH pack can be floated at indefinitely to continue charging...

> > This lithium pack would be added, via a high-power solid-state switch

> 

> This is certainly a simple approach, and has worked with Wayne Brown's

> parallelled lead-acid pack. But, I doubt it is a good plan with LiIons.

> 

> As a rule, you don't float charge nimh batteries. So my first concern is

> that the Prius pack doesn't stay at any one voltage for very long

> (except when parked).

> 

> The second difficulty is that the LiIon's voltage varies with their

> state of charge. In a grid-chargeable hybrid, this means the pack

> voltage starts out high when fully-charged, and falls ever lower as the

> pack is discharged.

> 

> So, there aren't many times when you can have the two pack voltages "the

> same" and so just parallel them with a big switch.

This variable NiMH voltage can work to the system's advantage by increasing the charge rate from the lithium batteries to the NiMH when they need it most.  This charge rate will be limited by the internal resistance of the lithium pack.  As long as the average rate is above the average rate of NiMH discharge, additional charge from the ICE is not required, and the average NiMH voltage will settle at whatever keeps the average charge/discharge rate zero.  As the lithium pack discharges, this average voltage will be lower and lower, until the Prius' control system begins to run the ICE to keep the NiMH pack sufficiently charged.   

The reason a solid-state switch is needed instead of a simple diode between the packs is to cut off the charging from the lithium pack when the NiMH pack is not fully charged, but in its optimum state to handle either acceleration or deceleration (regenerative braking).  Experimentation may prove it possible, however, to select the lituium pack vs. NiMH pack voltage such that this is taken care of automatically.  

> Another concern is that you would have a *lot* of LiIon cells. That

> means lots of battery management issues. You need individual voltage

> measurement and limiting circuits for every cell -- more cells, more

> circuits, more cost and complexity.

This is assuming that charge balancing between lithium cells in series is a serious problem, unlike with PbA or NiMH cells, which will usually work well in series as long as an equalizing overcharge is occasionally applied.  Richard S's experiments with Thunder-Sky batteries indicate that their lithium cells may indeed be sufficiently unbalanced as to cause significant series-balancing problems, in which case there would be a tradeoff between multi-cell complexity and DC-DC electronics.  Some of the balancing problems may be temperature-differential induced.  Such problems may disappear if the cells are immersed in a temperature-equalizing bath of liquid coolant, which might be necessary anyway to solve the overheating problems.

In my scheme, only one direction of DC-DC converter would be required, as the lithium pack would be charged only from the grid.  However, this is still a significant piece of electronics, as a 5-10 kW unit would be required to meet average power draw even at the Prius' maximum 43 (or is it 41) mph pure-electric speed (does anyone know the actual power draw at 43 mph?).

7.2 kW at 36V is 200A, which requires some hefty power FETs, and the 7.2 kW requires a heavy and/or expensive power transformer (higher frequency means lighter but more expensive).  It is also above 1.5C for 100Ah cells.  Of course, except for the power FETs, it would be cheaper yet to go to e.g. 4 500Ah cells, for 14.4V @ 500A! Efficiencies of this sort of inverter can be on the order of 95%; higher requires more weight as well as cost.

Such a DC-DC converter could be at a fixed voltage ratio or pulse width modulated (PWM).  The former would work like my high voltage lithium pack; the latter would be more controllable at the expense of more complex and expensive electronics and slightly lower efficiency.

With enough switching (probably relays for isolation on the high voltage end), the same transformer might be usable in reverse for charging the lithium pack.  This would be important, as the transformer will be the heaviest and one of the most expensive pieces of added electronics.

> I feel that some means to adjust the relative voltage between the two

> packs is needed, so as to get the "right" amount of current and power to

> flow between them. For example, you want to drive 10 miles on pure

> electric power (ICE staying off). So discharge the LiIon pack at a

> constant average rate (say, 10kw), and let the Nimh pack handle the

> peaks and valleys from accelleration and regenerative braking.

See the first paragraph of my response.

> A DC/DC converter is used to connect two different-voltage systems. It

> can be built to transfer power either way, from low to high, or high to

> low. Once you accept that such a converter is needed between the two

> battery packs, it doesn't make much difference what the two voltages are

> (within reason). For example, the LiIon pack could be 360v (100 3.6v

> 10ah cells = 3.6kwh), or 36v (10 3.6v 100ah cells = 3.6kwh).

See responses above.

> The advantage of the lower-voltage pack is that it has 10 times fewer

> cells. This makes battery management problems 10 times cheaper and

> easier. All things being equal, the system will also be 10 times more

> reliable, as it has 1/10th the parts.

> 

> The DC/DC converter efficiency will be slightly lower at the lower

> voltage, but the effect is minor; like 97% efficiency instead of 98%.

> 

> > Let's assume the lithium pack's internal resistance is higher than

> > that of the NiMH pack, despite its higher capacity.

> 

> It is higher, but by an unpredictable amount. Battery internal

> resistance is highly variable, and strongly affected by temperature,

> state of charge, age, and other factors. So it is not a dependable way

> to control which battery supplies power.

It might or might not.  I believe there is a possibility that the system would be self-balancing as I described above.  Only experimentation will tell, as, no matter how carefully one tries to characterize batteries, in real life they work differently!  They aren't called "bad-eries" for nothing. 

> > Are there any other brands of large, relatively affordable lithium

> > batteries out there, too?

> 

> There are, but they are "unobtainium", i.e. they are being advertised to

> lure investors, not customers. Large OEMs may be able to negotiate

> purchases, but they are basically handmade to order only, with a large

> cash prepayment.

Too bad, but even one mixed-bag choice is much better than ever before!

> > Maybe, until I have a Prius, I will buy an Everspring cell, then,

> > if it proves real, 3 more to power experiments using my electric

> > bicycle (does anyone know where I can get an inexpensive, 1 hp

> > continuous, series-wound motor for it?).

> That's a good idea. Real-world testing is *definitely* a good idea. The

> rule I have developed over many years of battery testing is, "all

> battery manufacturer's specs are lies." The challenge is to figure out

> which ones are little white lies, and which ones are whoppers!

> You don't need 1 HP for a bicycle. 1/4 HP continuous is more than a

> human being can produce anyway. A *peak* rating of 1 HP is nice; it lets

> you climb steep hills and accellerate quickly.

Well, a 10-minute 1 hp rating would do.  It is pretty hilly here, and I keep blowing the 75A breaker on my 2-motor Zappy conversion with a second battery and PWM controller added.  I go up the hills with the power as low as possible while pedaling as hard as I can sustain, but the little PM motors can't handle the continued load, nor can I handle enough to save them and keep going fast enough to balance. 

From: "rgremban" <yahoo@forsites.com> 

Delivered-To: mailing list Prius_Technical_Stuff@yahoogroups.com 

Date: Tue, 18 May 2004 11:17:57 -0000 

Subject: [Prius_Technical_Stuff] Re: PriusPlus experimentation interest 

> In theory could this idea not be made to work with PbA batteries  instead, and if so would this not be a simpler solution to the  entire problem of a griddable hybrid? We could then use deep- discharge marine batteries of some type and run them full cycle. I'm  an Australian with a 04 with the EV switch already - if someone  could supply me with the appropriate instructions to do this sort of  mod I'd be happy to undertake it (especially since in my  circumstance it could be conceivable I could do pure EV to uni and  back). 

> How did Wayne do his own PbA mod? I've been looking for instructions  everywhere and can't find any! 

>  - Will

In general, PbA batteries are very marginal for electric vehicle applications.  They have maybe half the specific energy of NiMH and maybe a fifth that of lithium.  Though they are better at high discharge rates than lithium batteries, this is per Ah capacity and not per weight of the pack.  Their capacity is approximately halved at a discharge rate of an hour, and down to maybe 10% during acceleration!  And this is for specially high-current, lower cycle-life versions.  They are relatively easy to keep balanced, though.

10 group-24 12V PbA batteries, rated at 100Ah but good for 50Ah at electric car rates could be used as a 6 kWh auxillary battery pack, good for maybe 10-20 mi, in the manner I suggested using lithium batteries, but would weigh 500 lb (vs. 200 lb for a 12 kWh lithium pack with similar overall peak power output) and would still need a DC-DC inverter.

19 group-22 12V PbA batteries, rated at 40Ah but good for maybe 25Ah, might have the right voltage to avoid a DC-DC inverter.  They would weigh 600 lb and cost only $1400, but, as with the ones above, would probably not have a long lifetime -- certainly a small fraction of the 150,000 miles claimed for Prius' NiMH pack.
From: Lee Hart <leeahart@earthlink.net> 

Delivered-To: mailing list Prius_Technical_Stuff@yahoogroups.com 

Date: Tue, 18 May 2004 11:19:18 -0700 

Subject: Re: [Prius_Technical_Stuff] Re: PriusPlus experimentation interest 
rgremban wrote:

> This variable NiMH voltage can work to the system's advantage by

> increasing the charge rate from the lithium batteries to the NiMH when

> they need it most.

Yes; this works in the right direction.

> This charge rate will be limited by the internal resistance of the

> lithium pack.

This also works in the right direction. However, the internal resistance is highly unstable and unpredictable. If this resistance was the only thing controlling the current flow from LiIon to Nimh, it might be ok under some conditions, but too high or low under others. That's why I think some form of controller is necessary. 

> As long as the average rate is above the average rate of NiMH

> discharge, additional charge from the ICE is not required

True; but I don't know how we convince the Prius computers of this. I suspect we need to find a way to tell them that we have added or removed charge from the Nimh pack, so its estimates of state of charge remain correct.

>> Another concern is that you would have a *lot* of LiIon cells. That

>> means lots of battery management issues.

> This is assuming that charge balancing between lithium cells in series

> is a serious problem

I think that it is. Lithium-based battery applications without such an individual cell monitoring and control system have had problems with violent cell failures and fires!

Most battery technologies use a water-based electrolyte; but lithium cells use hydrocarbons that burn. The plate materials in most batteries are difficult to burn even under extreme conditions; Nimh batteries have a negative plate that burns ferociously; but lithium cells have plates that are not only easy to burn, but also provide an oxidizer. Thus, if you ever get a fire in a lithium battery, it has everything it needs to KEEP burning -- fuel, oxidizer, and heat! (from the stored energy, by shorting and arcing). A lot of effort is going into making them as fire-resistant as possible, but it is like trying to make fireproof gasoline.   

So, aggressive measures to prevent failures are essentially mandatory. This is why we will need an individual cell-based management system with a lithium battery technology. 

> balancing problems may be temperature-differential induced. Such

> problems may disappear if the cells are immersed in a temperature

> equalizing bath of liquid coolant, which might be necessary anyway

> to solve the overheating problems.

At least with the Thunder-Sky cells, there are large differences between cells in many respects; amphour capacity, internal resistance, etc. The temperature differential is a consequence, not the cause (though temperature differences will exaggerate the other differences).

These cells are very hard to cool because they have thick plastic cases; essentially an insulated box. Putting them in a water bath would help, but not much. At the end of a discharge test, it takes over half an hour for the outside case temperature to stop rising.

Other brands have metal cases, precisely to provide better cooling. So this is a problem specific to the Thunder-Skys; not LiIons in general. As I said earlier, they are optimized for high amphour capacity but low current.

> In my scheme, only one direction of DC-DC converter would be required,

> as the lithium pack would be charged only from the grid.

Yes, you can certainly do this. However, if you have a switchmode power

supply that can charge the LiIon pack from 120/240vac, it almost certainly can *also* work from 250-300vdc from the Nimh pack. Most switchmode power supplies work with either an AC or DC input. Thus it is possible to recharge the LiIons from either AC or Prius power. This would be desirable if you will be unable to plug in for long periods (such as on a vacation where it might be weeks before you happen to park next to an AC outlet). 

> However, this is still a significant piece of electronics, as a

> 5-10 kW unit would be required to meet average power draw even at

> the Prius' maximum [42 mph on pure-electric].

Yes indeed! However, several things help us. First, we don't require isolation; thus a transformer is not necessary. Second, we can use a high switching frequency; this minimizes the size and weight of the magnetics required. 

> 7.2 kW at 36V is 200A...

Yes. I don't have real data for the Prius, but I'll bet someone on this list does! However, I *do* have an electric car, and know its power requirements. As a first approximation, 7.2kw is enough to support the Prius's leisurely accelleration in pure-electric mode, and once it gets up to speed, the continuous power consumption will be less than half that. 

> which requires some hefty power FETs... 

Yes; difficult, but do-able. The controller in my electric car is a Curtis 1231C, rated 144vdc, 500amps, and it costs about $1200. It is actually much larger than necessary for this application.

> Of course, except for the power FETs, it would be cheaper yet to

> go to e.g. 4 500Ah cells, for 14.4V @ 500A!

Yes; except that no 500ah cells are available. You'd have to parallel smaller ones to get the required capacity. But the whole point of the lower voltages is to minimize the number of cells. A better approach is to find out what size cells are available, then see how many you need for the required capacity, and then wire them all in series and see what voltage you get. Design the system around that voltage. 

> Efficiencies of this sort of inverter can be on the order of 95%;

> higher requires more weight as well as cost.

When isolation is not required, efficiency goes up to about 98%.

> the same transformer might be usable in reverse for charging the

> lithium pack.  This would be important, as the transformer will

> be the heaviest and one of the most expensive pieces of added

> electronics.

The AC charger should certainly have a transformer for isolation. However, the maximum charge rate is probably quite low compared to the discharge rate. This is because you generally don't have access to an AC outlet that can deliver more than a couple kilowatts (120vac x 15amps = 1.8kw, for example).   

And this is plenty; if the LiIon pack only stores 7.2kwh, you can recharge it in 4-8 hours from a 120vac 15amp AC outlet. In most cases, the car will sit for 8 hours overnight or at work anyway.  

> I believe there is a possibility that the system would be self-

> balancing as I described above. Only experimentation will tell...

> They aren't called "bad-eries" for nothing.

Very true!

>>> Are there any other brands of large, relatively affordable

>>> lithium batteries out there, too?

>> There are, but they are "unobtainium"...

> Too bad, but even one mixed-bag choice is much better than ever

> before!

Yes; that's why I was willing to take a chance and buy some to test. It is rare that "mere mortals" are ever allowed to get access to any truly new or advanced technology. We must be "protected"!

>> You don't need 1 HP for a bicycle.

> Well, a 10-minute 1 hp rating would do. It is pretty hilly here,

> and I keep blowing the 75A breaker on my 2-motor Zappy conversion

Well, recognize that the Zapi is a pretty crude setup; friction drive roller to the tire, and a couple of cheap automotive PM motors. It's not even 50% efficient.

Try a Lynch/Lemco/Etek motor (same basic motor design, built by 3 different companies), which is more like 90% efficient, chain drive, and  a decent PWM controller that doesn't burn up so much power in heat, and you will see a world of difference!

Lee A. Hart  814 8th Ave N  Sartell MN 56377  leeahart_at_earthlink.net

From: "mwbueno" <wbrown@pilgrimspride.com> 

Delivered-To: mailing list Prius-2G@yahoogroups.com 

Date: Wed, 19 May 2004 05:31:51 -0000 

Subject: [Prius-2G] another 600 Mile tank today & some new NiMH extra Ah testing 

<snip>

I run my tires over 44/42, I use Mobil 1 synthetic, I had my alignment done at a very good shop and I have an extra 12.5Ah of NiMH HV battery on board.  BTW, with the new higher temp MPG data in the Palm, it appears that the extra Ah are only increasing highway mileage by 8-12%.  For instance, with the rain, crosswinds from the South and then later, this afternoon with 33 degree headwinds from the southeast, the simulator predicted a stock Prius would get 47.2 MPG for today's trip. -- I got 52+.

<snip>

PS… I noticed Bill Robbins posted about wanting to know more about adding extra Ah.  Bill; Dan K found some Ah that are not only testing exceptionally well but, it are lightweight (6Ah for 50 lbs).  I will finish adding 18Ah of this new type of NiMH tomorrow and begin tests. I am shooting for a good safe PHEV status level of extra Ah.   So far the first 6Ah pack is testing better than anything else I have tested.  I am very excited for all of us!   As always, when all tests out safely; I will post what, how, when & where!  Thanks again Dan K, these look very solid so far!

From: "d0li0" <rfulcher@digipen.edu> 

Delivered-To: mailing list Prius_Technical_Stuff@yahoogroups.com 

Date: Wed, 19 May 2004 23:23:33 -0000 

Subject: [Prius_Technical_Stuff] Re: PriusPlus experimentation interest, an idea, and discussion migration request 

Here is my reply, as it appeared on the gridable-hybrid group.

--- In Prius_Technical_Stuff@yahoogroups.com, "rgremban" <yahoo@f...>

wrote:

> I have one idea already.  Much discussion has centered on paralleling

> more batteries (of various kinds) with the Prius' NiMH battery pack,

> then somehow fooling the ECU into handling both the added capacity and

> the change in state due to charging from the grid.  Today I found a

> site in Hong Kong

> (http://www.everspring.net/product-battery-pricing.htm) selling

> lithium batteries at around $.45/W-hr and with delivery promised in 2

> weeks ARO!  Though I don't yet know their characteristics or how good

> they really are, I am encouraged because a 50Ah, 200V pack would cost

> $5000, weigh only 172 lb, and propel a Prius for over 30 mi, even at

> 0.33kWh/mi!

These look like "Thunder Sky" cells to me, the site mentioned is one of their distributers. Anyway a few BEV people I know are using these 90Ah and 100Ah cells, unfortunently most of them are not getting the ratings out of them. They are hard pressed to get C (90 or 100 Amps) from them and just arround 1/2 the capacity.   

With that said, they may have recieved a bad batch or something. If they are capable of what they are rated for they would work well.   The thing about Lithium is that they seem to be more prone to becomming unbalanced, so you run the risk of overcharging some of the cells in a pack. And unlike the other chemestries Lithium can fail in spectacular (ie. Very Bad) ways. So most Lithium setups monitor each cell (or set of parallel cells) to keep them all safe. (more on that later)   

The current best solution seems to be 18650 laptop type cells such as those used by ACP. They are currently 40G, 2.2Ah, and $3-$4/cell. They are rated for 2C to 4C, which they are actually capable of! - 2.2Ah * 3.6v = 7.9Wh/40g (0.1975Wh/g) or 89.6Wh/Lb. - 7.9Wh/$3 = $0.38/Wh or 7.9Wh/$4 = $0.50/Wh! Production is already high and quality is very uniform as they are used in cell phones and laptops by the millions.  

> What if such a battery pack were added through a diode and charge

> controller so that it could ONLY be charged from the grid.  As a

> dedicated lithium-battery-specific charger could be used to charge the

> lithium pack, the lithium pack would be treated well and differential

> charging against the NiMH pack would not be a problem.  The lithium

> pack could be of a voltage and so wired to the NiMH pack that it would

> supply power to charge the NiMH pack as necessary, appearing to the

> ECU as if it were energy from the IC engine.  The NiMH pack would

> continue to be used as designed.  This could solve many problems.  The

> only significant loss would be the inability to use regenerative

> braking on long (e.g. mountainous) slopes to recharge the lithium pack.

Interesting, there are all sorts of solutions to this problem.

A Second Lithium pack could be setup as a "Hybrid battery pack", such that the NiMH remains the same and the Lithium is only used to recharge the NiMH (instead of the ICE). Then the Lithium would be recharged with external power. But even then the charging system for the Lithium would need to be sorta fancy, monitoring each cell.   

Another trick used by BEV people is "battery regulators" which are devices that prevent overcharging a cell or battery in a string. Each cell/battery has a Reg which activates when the cell reaches full charge. Since each cell will reach this point at a different time each reg burns off the excess power as heat in a resistor. This keeps each cell "Safe" untill all the cells are fully charged. In the future we will see Regs that do something more usefull with this extra power, like shuttle it to a cell that isn't charged yet.   

So if a Lithium pack were properly sized and regulated it should be able to be used in parallel with NiMH or PbA strings of cells. ( However this will never be "Ideal" but mearly possible. )   

The best solution would be to have a single pack built for the task at hand. I hope someday we can pick and choose which pack to buy with our Hybrids. The Stock 2mile pack, the mid sized 15 mile pack, or multiple large 30 mile packs for 30,60,90,120... miles of range. 
From: "rgremban" <yahoo@forsites.com> 

Delivered-To: mailing list Prius_Technical_Stuff@yahoogroups.com 

Date: Thu, 20 May 2004 07:43:39 -0000 

Subject: [Prius_Technical_Stuff] Re: PriusPlus experimentation interest 

Response to Lee Hart, plus Panasonic NiMH musings:

--- In Prius_Technical_Stuff@yahoogroups.com, Lee Hart <leeahart@e...>

wrote:

> rgremban wrote:

> > This charge rate will be limited by the internal resistance of the

> > lithium pack.

> This also works in the right direction. However, the internal resistance

> is highly unstable and unpredictable. If this resistance was the only

> thing controlling the current flow from LiIon to Nimh, it might be ok

> under some conditions, but too high or low under others. That's why I

> think some form of controller is necessary.

I think the voltage and current flow will be self-stabilizing, but this can only be verified by experiment, and would probably be better with another chemistry motive battery than lithium (see below).  I believe there may be a motive pack voltage, especially with an NiMH motive pack) that will naturally keep the hybrid pack charged to approximately the desired (60%?) level.  If not, some intelligence and control will be required. > 

> > As long as the average rate is above the average rate of NiMH

> > discharge, additional charge from the ICE is not required

> 

> True; but I don't know how we convince the Prius computers of this. I

> suspect we need to find a way to tell them that we have added or removed

> charge from the Nimh pack, so its estimates of state of charge remain

> correct.

No problem.  Connect the extra battery pack to the MG side of the hybrid pack's charge/discharge sensor, which will then register as if the MG were doing the charging.

> >> Another concern is that you would have a *lot* of LiIon cells. That

> >> means lots of battery management issues.

Thanks for the tutorial on lithium and, in particular, Thunder-Sky, batteries.  It sounds like safe, effective lithium cells may still be in the future.  However, after seeing Panasonic's motive NiMH offering, I believe such a battery, from them or e.g. Ovonics, may be a better bet (see my comments at the end). 

> > In my scheme, only one direction of DC-DC converter would be required,

> > as the lithium pack would be charged only from the grid.

> Yes, you can certainly do this. However, if you have a switchmode power

> supply that can charge the LiIon pack from 120/240vac, it almost

> certainly can *also* work from 250-300vdc from the Nimh pack. Most

> switchmode power supplies work with either an AC or DC input. Thus it is

> possible to recharge the LiIons from either AC or Prius power. This

> would be desirable if you will be unable to plug in for long periods

> (such as on a vacation where it might be weeks before you happen to park

> next to an AC outlet).

In this case, the original hybrid operation would no doubt be better than recharging the motive battery pack, unless leaving the pack in a discharged state shortens its life, as per PbA batteries.

> > However, this is still a significant piece of electronics, as a

> > 5-10 kW unit would be required to meet average power draw even at

> > the Prius' maximum [42 mph on pure-electric].

> Yes indeed! However, several things help us. First, we don't require

> isolation; thus a transformer is not necessary. Second, we can use a

> high switching frequency; this minimizes the size and weight of the

> magnetics required.

If not a transformer, then and autotransformer or a choke that is alternately shorted and released is needed to step up the voltage.  In any case, it is a significant magnetic device for 5-10 kW.  High frequency helps a lot, but requires a more expensive magnetic core as well as fast high-power switching transisters. 

> > 7.2 kW at 36V is 200A...

> Yes. I don't have real data for the Prius, but I'll bet someone on this

> list does! However, I *do* have an electric car, and know its power

> requirements. As a first approximation, 7.2kw is enough to support the

> Prius's leisurely accelleration in pure-electric mode, and once it gets

> up to speed, the continuous power consumption will be less than half

> that.

The added motive battery need not handle acceleration, as that is the hybrid battery's job!  However, though I'll bet the Prius requires as little as 200 Wh/mi at 40 mph, this still works out to an 8 kW rate.  Can someone that reads this supply the actual highest average power requirements in EV mode? 

> > which requires some hefty power FETs... 

> Yes; difficult, but do-able. The controller in my electric car is a

> Curtis 1231C, rated 144vdc, 500amps, and it costs about $1200. It is

> actually much larger than necessary for this application.

> > Of course, except for the power FETs, it would be cheaper yet to

> > go to e.g. 4 500Ah cells, for 14.4V @ 500A!

> Yes; except that no 500ah cells are available ...

Oh!  I was reading the Thunder-Sky and Everspring catalog, but of course that doesn't assure their availability.

> The AC charger should certainly have a transformer for isolation.

> However, the maximum charge rate is probably quite low compared to the

> discharge rate. This is because you generally don't have access to an AC

> outlet that can deliver more than a couple kilowatts (120vac x 15amps =

> 1.8kw, for example).

> And this is plenty; if the LiIon pack only stores 7.2kwh, you can

> recharge it in 4-8 hours from a 120vac 15amp AC outlet. In most cases,

> the car will sit for 8 hours overnight or at work anyway.

Right.  We can assume a 2 kW AC charger is maximum.  It could charge at most a 20 kWh battery pack in 12 hours.  This sets a maximum battery pack size, which a pluggable Prius will not need.

Panasonic NiMH battery pack musings:

I recently got a link to http://www.peve.panasonic.co.jp/e_catalog1.html  and visited the site, which has specs for the Prius' hybrid battery pack (the "new" prismatic battery, as noted at http://www.peve.panasonic.co.jp/e_news.html) and the RAV4 motive battery pack.  Very interesting.  A few things I noticed:

* The hybrid battery is clearly especially designed for high power requirements.  Its specific power is 6.5 times that of the motive battery (1300 vs. 200 W/kg), but its specific energy is lower, at around 2/3.  The hybrid battery is also no doubt much more expensive per W-hr.   

* Panasonic's EV-95 NiMH motive pack has 2-3 times the specific energy of a PbA battery at a specific power corresponding to 1-2 C as would be required of a pluggable hybrid motive battery pack.   

* The cost of Panasonic's EV-95 is probably not sky high, as it has been used in production all-electric cars such as the RAV4.  A smaller pack for a pluggable hybrid ought to be affordable (he says).   

* A 240V EV-95 pack would take 20 modules, store 22.8 kWh, discharge at up to 75 kW, weigh 823 lb, and require 4.5 cu-ft of space (plus room for hardware, cooling, etc).  This is overkill for our application.   

* A 5-module EV-95 pack would be about the right size for a pluggable Prius:  5.7 kWh, 18.7 kW, 206 lb, and 1.1 cu-ft.  At 250 W-hr/mi, it would last up to 23 mi.  Its 60V output would require a custom 1:4 DC-DC inverter with a 175A input, but the battery could fit in a space approx. 20" x 19" x 8" (or 25" x 14" x 8"), which I believe is available under the Prius' rear deck.  A 1 kW charger could recharge this pack in 6-8 hours and would require only 8-9A AC.   

I wonder if these EV-95 modules are available anywhere, and what their price is? 

From: "Richard Scheffenegger" <rscheff@chello.at> 

Delivered-To: mailing list Prius_Technical_Stuff@yahoogroups.com 

Date: Sun, 23 May 2004 23:33:54 +0200 

Subject: [Prius_Technical_Stuff] Re: PriusPlus experimentation interest 

I never did any experimenting with any LiIons myself. The unbalancing, however, was reported by Lee, and is consistent with information I got from other sources. These sources say that the larger the battery pack, the more urgent the need for an active battery management system (active meaning also active thermal control of individual cells, not necessarily strict enforcing of equal energy levels on all cells).

----- Original Message ----- Date: Tue, 18 May 2004 10:46:56 -0000 From: "rgremban" <yahoo@forsites.com> 

> Another concern is that you would have a *lot* of LiIon cells. That >means lots of battery management issues. You need individual voltage measurement and limiting circuits for every cell -- more cells, more circuits, more cost and complexity.

>This is assuming that charge balancing between lithium cells in series is a serious problem, unlike with PbA or NiMH cells, which will usually work well in series as long as an equalizing overcharge is occasionally applied.  Richard S's experiments with Thunder-Sky batteries indicate that their lithium cells may indeed be sufficiently unbalanced as to cause significant series-balancing problems, in which case there would be a tradeoff between multi-cell complexity and DC-DC electronics.  Some of the balancing problems may be temperature-differential induced.  Such problems may disappear if the cells are immersed in a temperature-equalizing bath of liquid coolant, which might be necessary anyway to solve the overheating problems.

From: "rgremban" <yahoo@forsites.com> 

Delivered-To: mailing list Prius_Technical_Stuff@yahoogroups.com 

List-Unsubscribe: <mailto:Prius_Technical_Stuff-unsubscribe@yahoogroups.com> 

Date: Mon, 24 May 2004 05:55:12 -0000 

Subject: [Prius_Technical_Stuff] Re: PriusPlus experimentation interest 

--- In Prius_Technical_Stuff@yahoogroups.com, "Bill Powell" <whp@a...>

wrote:

> The Gen 3 (04) car uses true "state of the art" NiMH cells so the only way to easily get additional "EV" range would be to augmemt the existing pack or replace it with one of similar characteristice but > increased capacity. 

> Some time back, some rough calculations showed that it would take 3x the existing capacity to actually notice any benefit.

I was recently referred to the Panasonic site with the specs of the Prius NiMH batteries as well as a motive NiMH battery ().  From these specs, it is clear that the hybrid cells are specially designed for very rapid charge/discharge applications:  1300 W/kg vs. 200 W/kg for Panasonic's motive NiMH batteries and around 85 W/kg for PbA!

I believe this special high power design of the hybrid batteries makes them especially expensive as well as lower in specific energy. However, the good news is that these expensive batteries are already doing the hard job of handling vehicle acceleration and deceleration surges!

Although they may be improved (e.g. by doubling the hybrid battery pack), this is a different issue than building a pluggable hybrid.  To do that, all we need is an additional battery pack with enough capacity for the desired range, and that can handle the *average* current draw for level operation at up to the desired speed (probably 6-8 kW for 35-40 mph).  Let the expensive hybrid battery continue to do the hard work!

To do this, I still advocate supplying the power from an additional battery outside the current sensor for the hybrid battery pack.  Let this system do its job and care for the hybrid pack as it was designed!

Due to available battery configruations, I am coming around to the idea of adding a lower-voltage battery pack, along with a DC to DC inverter.  Four Panasonic EV-95 NiMH modules (their motive offering), for example, would provide 4.7 kWh at 48V and only 165 lb, enough for maybe a 16 mi range at 40 mph.  This works as long as neither the battery nor the inverter are called on to handle acceleration surges. They might fit in the spare tire's hole by displacing the spare tire to the upper part of the under-cargo-area space.  The cargo area space may have to be raised an inch or so.  Also, the EV-95 is supposed to be good for 1000-2000 cycles.

I have not found the EV-95 on sale, but I would expect it to be somewhere in the middle between the hybrid NiMH battery and PbA in cost per kWh.  One price I have seen for the Prius' pack is $3450, or $2600/kWh, vs. as low as $100/kWh (even at high-for-PbA discharge rates) for PbA.  I would hope for $500/kWh for the EV-95, or less than $2500 for the proposed 4-pack.  Some interesting battery information, including on the EV-95, is contained in the rather large report available at http://www.arb.ca.gov/msprog/zevprog/2000review/btapreport.doc .

I also worked out a PbA battery pack that -- though it weighs 3 times as much, takes up 3 times as much space as the 4 EV-95 pack, and may have a short life -- should have similar performance.  It can be used for experimentation, and will allow driving a pluggable prototype, working out the electronics, utility, etc, at much lower battery cost (~$350 from Costco).  This pack consists of 8 group-24 85Ah "deep discharge" 12V PbA batteries wired in series-parallel for 48V.  I figured out that at the required high-for-PbA (but still not acceleration) load currents, two in parallel should have around the same capacity as the 95Ah EV-95.

For either pack, the DC to DC inverter would need to be capable of around 200A, both peak and sustained.  It would probably need to be custom designed, but could then easily be both voltage and current regulated.  Perhaps a specific voltage output, current limited, is sufficient to keep the hybrid battery at around 60-70% charge -- or maybe a signal from the hybrid battery ECU can be used to tune the inverter's output, with an algorithm that could be as simple as "charge at full current as long as the hybrid's SOC is less than 70%; otherwise turn off."
