Report of Meeting
L-37 Next Generation Task Force Meeting
PRI Headquarters
Warrendale, PA

February 8", 2012
Attendees:
SwRI - Koehler
Lubrizol - Greene, Hamilton, Gropp, Venhoff (TC)
Afton - Gottwald, Bell, Higuchi, Kearney, Boschert, Hobson
Intertek - Smith
TMC - Parke
Meritor - McGlone, Muransky
Volvo - Bryson, Athey
ExxonMobil - Eliot, Kanga
Chevron - Zakarian
GM - Zreik

Voting Members in BOLD
The meeting was called to order at 3:30 pm EST.

1.0 Approval of Meeting Minutes

e January 12" 2012 (AAM Mexico; San Antonio, TX)

Mr. Koehler / 2" Mr. Gottwald to approve the minutes as presented. Motion for approval was
passed with a vote of 6-Yes, 0-No, and 0-Abstentions.

2.0 Summary of Meeting Discussions

2.1 Cooling Strateqy Discussion

Mr. Koehler presented the cooling experiment that was discussed/proposed at the last meeting. The goal of this
strategy was to bias the cooling such that water sprayed on the pinion nozzle first. The details of this experiment
are attached in attachment 2. The group discussed the cooling strategy. One such strategy would be for the pinion
nozzle only to spray for the first 50% of controller output, and then the rear nozzles would come on over 50%
such that both nozzles were wide open at 100%. The group decided that at this point, we don’t need to pin the
exact strategy. However, it was agreed that all labs should set their stand up such that water starts spraying on
the pinion before the rear cover.

2.2 Solicitation of Field Oils

It was agreed at the previous meeting that the group must solicit the industry for field oils to ensure the new test
is representative of the current test. These oils would be included in the procedure validation. These oils must
have proven field and L-37 test data and must have either GL-5 or J2360 credentials.

A draft letter was circulated with the minutes of the last meeting. The group reviewed this letter and agreed on a

few minor additions/changes. The letter will be sent out within a week or two from the end of the meeting. The
letter will ask for any oils to be submitted by June 1%, 2012.

3.0 Adjournment



Motion to Adjourn by Mr. Smith, 2" Mr. Gottwald. Meeting Adjourned at 5:00 pm EST

4.0 Lab Visit Supplement (Afton visit on February 7", Lubrizol visit on February 10

th)

The labs viewed the remaining two test stands that are participating in the new test development at Afton and
Lubrizol.

The following observations/decisions were made:

Coupler: Afton had found two different couplers and pinion flanges during their investigative work. Some
of the pinion flanges had larger recessed areas when compared to some of the earlier axles. The group
will watch this carefully. The two couplers had two different part numbers: New — 514-411-04-15, old —
514-411-03-15.
The spray nozzles were standardized:
O Pinion nozzle location:
= 6.5 inches from pinion flange (forward most machined surface)
® |nline with the centerline of the pinion
= 4inches above the axle at the 6.5 inch mark
O Rear cover nozzle locations:
= Left nozzle should be flush with driver side of bushing horizontally
=  Right nozzle should be 1 inch outside passenger side of bushing horizontally
= Both nozzles are to be vertically 4 inches from the top point of the cover
=  Both nozzles are to be 2 inches away from the cover
= The nozzles are to be 90 degrees from vertical and going straight into the axle at 90
degrees when viewed from the top
= Alltolerances are £ 0.25 inches and = 5 degrees
Thermocouple location:
0 The thermocouple is to be installed into the drain of the axle and the tip of the thermocouple is to
be 1 (+ 0.25) inch from the machined back surface of the ring gear on the inside of the housing.

The labs will document and discuss ramping strategy.

Respectfully submitted,

Digitally signed by

[C% y /2 Galen Greene
AN A L~ Date:2012.02.15

15:08:03 -05'00"

Galen Greene
L-37 Next Generation Task Force Chairman
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Attachment 2

Greene, Galen

From: Koehler, Brian P. <brian.koehler@swri.org>

Sent: Thursday, February 02, 2012 1:27 PM

To: Greene, Galen; Angela Trader; Gottwald, Thomas; Hobson, Kevin
(Kevin.Hobson@AftonChemical.com); NON-LZ DALE SMITH; Scott Parke

Cc: Marsh, Greg; Dharte, John; Gropp, Jerrold; Venhoff, Wes

Subject: Next Gen L-37 experiments at SwRI, axle cooling

SwRI agreed to perform some axle cooling experiments for the next generation electric drive L-37. | have some results
to share:

Conditions:

Spray water temp= 72 deg. F

Ambient temp=73 deg. F

Spray water supply pressure= 55 psig

80w-90 shop oil in axle

Zeta slave axle (well broken in)

Three nozzles, same position as shown to working group, matched original Lubrizol nozzle locations.
Nozzles are same part # as current L-37 procedure requires

Same research control valves, stems, seats, as current L-37 procedure requires

Control set up:

| have two PID controllers configured for spray nozzle control.

Each PID is assigned one research valve to control water flow.

One valve controls flow to the top, pinion bearing cooling spray nozzle.

The other valve controls flow to the two rear cover spray nozzles.

| can easily relate the two PID controller % outputs to each other, via software, in any way | wish.

For this first experiment, | have the PID relationship as follows:

The PID for the top spray nozzle is closed loop control using the axle sump temp as the set point. At 100% output to the
research valve, the flow is off, at 0% output, the flow is maximum, 50% output= 50% flow, etc.

The PID for the rear two spray nozzles was set in open loop control. Its output to its research valve was set to start to
open the valve when the PID to the top spray nozzle control valve reaches 50% output. It then goes full open when the
top nozzle control is at full flow. It stays closed when the top nozzle control is between 100 and 50%. There is
hysteresis in the system. | set the valves so the water would not drip when the valves were to be closed. Assume that
the % had to change by 5 to 10 to allow for flow to start and go up by 5 to 10 to again stop flow. This is normal for these
valves and this system.

Break-in conditions:

| first ran the stand at the Lubrizol proposed break-in conditions. | noted the following:

With all spray nozzles at 100% flow (primary PID set at 0% out), | could hold about 118 deg. F oil sump temperature.
At 50% output on the primary PID (top nozzle at 50% flow but rear nozzles still off), | was able to hold a sump
temperature of 125 deg. F.

At a set point of 130 deg. F, the primary control was at 78% (Top spray nozzle only was flowing at about 22% open)

At test conditions:
| next ran the stand as the Lubrizol proposed test conditions. | noted the following:
With all spray nozzles at 100% flow (primary PID set at 0% out), | could hold about 165 deg. F oil sump temperature.



Attachment 2
At 50% output on the primary PID (top nozzle at 50% flow but rear nozzles still off), | was able to hold a sump
temperature of 170 deg. F.
While controlling at the 275 deg. F test conditions, about 87% output was being used (top spray nozzle only was flowing
at about 13% open)

Conclusions:

The experiment is not ideal. It is now winter in Texas with lower than yearly average ambient and water

temperatures. Also, this axle was not giving off the heat typical of an axle breaking in. Our supply pressure of 55 psig is
higher than most labs will use and is actually higher than the other SwRI lab which houses our referenced L-37

stand. Regardless:

This axle appears to demand less spray water than a Dana Model 60 axle at standard conditions. It is smaller, the
housing is made of aluminum, and the conditions are different so this does make sense.

The three nozzles, at full flow, do a good job of flooding most axle housing surfaces with cooling water.

The experiment does seem to indicate that it may be possible to use the top spray nozzle only as the primary control
nozzle for the test (bias cooling to the pinion bearing housing). The rear nozzles can be held in reserve for satisfying the
initial new axle break-in cooling needs. Additional front nozzles could be added if needed for Canadian conditions and
controlled off of the rear spray nozzle circuit.

The above control strategy eliminates the flow vs elevation variable between the rear and top nozzles but the % setup
still must be managed properly.

Steady state control using the top nozzle only at test condition was generally good. The control was +/- 1.5 deg. F but
this was without any additional tuning being attempted.

Regards,

Brian P. Koehler

Principal Engineer

Southwest Research Institute
P.O. Drawer 28510, Zip: 78228-0510
9503 West Commerce, Zip: 78227
San Antonio, TX USA

Building 209

Tel: 210-522-3588

Fax: 210-684-7523

Cell: 210-213-2761

The information in this email may be proprietary and may contain protected business information. This email is intended to be reviewed and used only by the
individual or organization named above. If you are not the intended recipient or an authorized representative of the intended recipient, you are hereby notified that
any review, dissemination or copying of this email and its attachments, if any, and any use or disclosure of the information contained herein, is prohibited. If you have
received this email in error, please immediately notify the sender by email or telephone and permanently delete this email from your system.

From: Greene, Galen [mailto:Galen.Greene@Ilubrizol.com]

Sent: Tuesday, January 24, 2012 4:04 PM

To: Angela Trader; Koehler, Brian P.; Gottwald, Thomas; Hobson, Kevin (Kevin.Hobson@AftonChemical.com); NON-LZ
DALE SMITH

Cc: Marsh, Greg; Dharte, John; Gropp, Jerrold; Venhoff, Wes

Subject: RE: Requirements for ASTM Zeta 218 Test Hardware

Hello,
Just wanted to pass on that the builds have been delayed slightly and are scheduled for next week. As you can see

below, John will actually be heading back down to Mexico to oversee the builds (thanks John!). | believe they are
targeting Feb. 2" and 3™ for the builds. Therefore, they will likely ship from Mexico during the week of Feb. 6™.
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