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SECTI ON A - SUPPLEMENTAL | NFORVATI ON

Buyer Nane: RORY THELEN

Buyer Office Synbol/Tel ephone Nunber: CCTA-ASG B/ (586)282-9753
Type of Contract: Cost Plus Fixed Fee

Kind of Contract: Research and Devel opment Contracts

Type of Business: Other Small Business Performing in US.
Surveillance Criticality Designator: C

Weapon System No Identified Army Weapons Systens

Contract Expiration Date: 2015JUL24

*** End of Narrative A0000 ***

Modi fi cati on PO0001

PREVI QUS NEGOTI ATED AGREEMENT VALUE: $999, 890. 13
NEGOTI ATED VALUE OF THI S ACTI ON: -$59. 80
TOTAL NEGOTI ATED AGREEMENT VALUE: $999, 830. 33
PREVI QUS OBLI GATED AMOUNT: $757, 213. 00
OBLI GATED AMOUNT THI'S ACTI ON: $0. 00
TOTAL OBLI GATED AGREEMENT AMOUNT: $757, 213. 00*

*The obligated funding for the first year of this phase Il SBIR remains unchanged at $757,213.00. The funding for year two shall be
decreased by $59.80 from $242,677.13 to $242,617.33 at the tinme of year two funding obligation.

1. This is a bilateral Mdification. No further funds will be obligated as a result of this Mdification PO0001.
2. The purposes of this Mdification PO0001 are to:
Change all references to "Gl nodified gear(s)"” within the Statement of Wirk to "Gl and & gear set(s)."

ii. Update the language in section C.3.2.2.2 in the Statement of Work to discuss the new, fully rotational, unidirectional and
bidirectional testing of gears.

iii. Update Est. Cost, Fixed Fee and Total Anpunt in CLIN 0001 to $930,074.73, $69, 755.60, and $999, 830. 33 respectively.

iv. Update the Est. Cost, Fixed Fee, and Total Ampunt in section B.1.1 to $930,074.73, $69, 755.60, and $999, 830. 33 respectively.
v. Update year two funding in section B.2.2, Funding Schedule, to $242,617.33.

vi. Update the Total in section B.2.2, Funding Schedule, to $999, 830. 33.

3. As a result of this Mdification P00001, the follow ng changes are hereby made to the contract:

SECTION  DESCRI PTI ON

B Decrease the Est. Cost in CLIN 0001 by $55.62 from $930, 130.35 to $930, 074. 73.

B Decrease the Fixed Fee in CLIN 0001 by $4.18 from $69, 759. 78 to $69, 755. 60.

B Decrease the Total Anpunt in CLIN 0001 by $59.80 from $999, 890. 13 to $999, 830. 33.

B Update the Est. Cost, Fixed Fee, and Total Amount in section B.1.1 to $930,074.73, $69, 755.60, and $999, 830. 33 respectively.
B Update year two funding in section B.2.2, Funding Schedule, to $242,617. 33.

B Update the Total in section B.2.2, Funding Schedule, to $930, 830. 33.

C Change all references to "Gl nodified gear(s)" within the Statement of Work to read "GlL and & gear set(s)."

C Update the language in section C.3.2.2.2 in the Statement of Work to discuss the new fully rotational, unidirectional and
bidirectional testing of gears.
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As a result of the Mdification P00001, the total Est. Cost is decreased by $55.62 from $930, 130.35 to $930, 074. 73

As a result of Modification P00001, the total fixed fee is decreased by $4.18 from $69, 759. 78 to $69, 755. 60

As a result of Mdification P00001, the total negotiated value is decreased by $59.80 from $999, 890. 13 to $999, 830. 33
As a result of Mdification P00001, the total obligated value for year one renmins unchanged at $757, 213. 00

Except as specifically provided in this Mdification P00001, all other ternms and conditions remain unchanged

*** END OF NARRATI VE A0001 ***
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ITEM NO SUPPLIES/SERVICES QUANTITY |UNIT| UNIT PRICE AMOUNT
SECTI ON B - SUPPLI ES OR SERVI CES AND PRI CES/ COSTS
0001 12.2 PHASE || SBIR
The contractor shall furnish all the supplies and
services to acconplish the tasks specified in Section
C- Description/Specification/Wrk Statenent
Est. Cost: $930,074.73
Fi xed Fee: $69, 755. 60
Total Amount: $999, 830. 33
(End of narrative B001)
0001AA SERVI CES LINE | TEM 1 LO 757, 213. 00
CENERI C NAME DESCRI PTION: 12.2 PHASE Il SBIR
CLI N CONTRACT TYPE:
Cost Plus Fixed Fee
PRON: R322C225R3 PRON AMD: 01 ACRN:  AA
AVMS CD: 665502M40
I nspection and_Accept ance
| NSPECTI ON:  Dest i nati on ACCEPTANCE: Desti nation
Deliveries or Performance
DLVR SCH PERF COWVPL
REL _CD QUANTI TY DATE
001 1 24-JUL- 2014 (E)
$ 757, 213. 00
(E) = Estimted
0002 DATA | TEM
A001 DATA I TEM CDRL (DD FORM 1423) EXH BIT A 1 LO ** NSPp **
GENERI C NAME DESCRI PTI ON: CDRL (DD FORM 1423) EXHI BIT| A
| nspection and Acceptance
I NSPECTI ON:  Desti nation ACCEPTANCE: Desti nation
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ITEM NO SUPPLIES/SERVICES QUANTITY |UNIT| UNIT PRICE AMOUNT
A002 DATA | TEM CONTRACTOR MANPOWER REPORTI NG 1 LO $ ** NSP **
GENERI C NAVE DESCRI PTI ON:  CONTRACTOR MANPOWER REPORTI NG

| nspection and Acceptance

I NSPECTI ON:  Desti nation ACCEPTANCE: Desti nation
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B. 1 ESTI MATED COST & PAYMENT

B.1.1 The estimated cost for performance of the work required under this contract is stated in Section B under CLIN 0001, which shall
constitute the estimated cost for the purpose of the Contract C ause entitled LI M TATION OF FUNDS, FAR 52.232-22.

Est. Cost: $930, 074. 73*
Fi xed Fee: $ 69, 755. 60*

Total Anount: $999, 830. 33*
B.1.2 The contractor will be paid for the fixed fee stated in Section B under CLIN 0001 for the performance of work under the contract
and in accordance with the terms of the Contract C ause entitled FI XED FEE, FAR 52.216-8. The fixed fee together with the rei mbursenent
of cost shall constitute full and conplete consideration for the contractor's service in connection with the work required and perforned

under this contract.

B.1.3 All owabl e cost shall be deternined, and payment thereof shall be provided, in accordance with the Contract O ause entitled
ALLOMBLE COST AND PAYMENT, FAR 52.216-7.

B.1.4 The contractor may submit public vouchers for payment under this contract in accordance with the Contract C ause hereof entitled
ALLOMBLE COST AND PAYMENT, FAR 52.216-7.

B.1.5 The fee will be payable at the time of reinbursenent of cost in the same proportion to such cost as the total fee of this contract
bears to the total estimated cost thereof, subject to any w thhol ding pursuant to provisions of this contract.

B. 2 FUNDI NG

B.2.1. The Governnent will provide funds under this contract covering the estinmated cost and fee on an increnental basis, as provided
for in the funding schedul e bel ow and pursuant to the follow ng Contract O auses:

LI M TATI ON OF FUNDS, FAR 52.232-22

LI M TATI ON OF GOVERNMENT' S OBLI GATI ON, DFARS 252. 232- 7007
It is estimated that the increnental ampunts are sufficient for the performance of work in each of the cited periods. The Government
may, at its discretion, allot such funds on an increnmental basis within each fiscal year. The contractor shall so plan and execute the
work required by this contract as to expend and commit funds conpatible with the schedul e set forth bel ow. Wienever the contractor has
reason to believe that the funds allotted to this contract for any fiscal year are either insufficient or excessive for the performance
of work required in that fiscal year, the Government shall be so notified.

B.2.2 Fundi ng Schedul e:

Per f or mance Peri od Anmount

Date of contract award through twelve (12)
nonths after date of contract award $757, 213. 00

Twel ve (12) nonths and one (1) day after date

of contract award through conpletion $242, 617. 33*
Tot al $999, 830. 33*

B.3 Funds Allotted: The ampbunt of funds currently allotted to this contract is $757,213. 00.

* Changed with Mbdification PO0001.

*** END OF NARRATI VE B0002 ***
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SECTI ON C - DESCRI PTI OV SPECI FI CATI ONS/ WORK STATEMENT

Loc Performance Phase || Scope of Wrk
(Bradl ey Moderni zation Final Drive)
C.1 Scope

The contractor, acting as an independent contractor and not as an agent of the Government, shall develop a common Final Drive Solution
that nmeets the long termneeds for both the Bradley and Paladin platforms by enabling future platformweight and horsepower growth. This
SBIR effort will allow the contractor to test and quantify new gear train technology that is not currently matured for conbat tracked
vehicle final drive units. The contractor shall mature its Quick Di sconnect technology by testing its Phase | Quick Disconnect Design
(QDD) to validate the extent of conpatibility with the high power density final drive (HPDFD) for both Bradl ey A3 wei ghing 70,000 pounds
and Bradl ey Mddernization program (BWP) with | oading conditions defined by the contractor in Phase | Option period for contract WS6HZV-
11-C 0313 In addition, the contractor shall evaluate new gear technol ogies for HPDFD which include: (i) new high strength gear naterial
(Ferrium C61), and (ii) application processes to gears with either Superfinishing or D anond-Li ke Coating (DLC) or both.

C. 2 Background

The overal |l objective of this programis to devel op and denpnstrate a hi gh power density common final drive solution that neets the
needs for both the Bradley and Paladin platforms. The |ong-term nodernization power needs of the U S. nilitary shall be addressed by
the devel opment of the high power density final drive to enable future platformand horsepower grow h.

At the conclusion of this Phase Il contract, the contractor shall provide the Arny with a single vehicle set of Bradl ey Mdernization
Final Drives that are ready for extensive vehicle-level testing such as braking, maxinumtractive effort, pivot steering, tow ng,

accel eration, top speed, and rough terrain. The contractor shall mature the SBIR gear train technology sufficiently to enable insertion
onto all ground vehicle platforns where custom geared applications warrant a higher power density final drive and the contractors unique
Qui ck Di sconnect Design. Sonme vehicle platformapplications may not need both but only require an individual HPDFD or QDD approach.

C. 3 Tasks
C.3.1 Uilization of Phase | Prototype
C.3.1.1 Testing requirenment for QDD prototype devel oped in the predecessor Phase | SBIR contract:

The contractor shall performphysical (load) testing on the QDD conponents for a Bradl ey A3 weighing 70,000 pounds (sections C.3.1.3
through C. 3.1.3.2) and then update the design of the QDD (section C. 3.7.1) for Bradley Mdernization Final Drive (BWD) platforns
wei ghi ng 90, 000 pounds.

C.3.1.1.1 Engineering and conponent refinement of the Phase | QDD for Bradley A3:

The contractor shall refine the QDD, devel oped under the Phase | SBIR contract, to neet the follow ng requirements of 5600 | b-ft for
Bradl ey A3. Designs shall be nodified using contractors software (Pro Engineering) to update the conponent and assenbly |evel draw ngs.

C.3.1.2 Upgrade of QDD installed in Bradley A3 Final Drive for Load Testing:

C.3.1.2.1 The contractor shall disassenble and inspect the QDD to assess (i) whether current QDD conponents are properly sized; and (ii)
whet her current material properties, including processing characteristics, are adequate for passing torque |oad test of 5600 I b-ft for
Bradl ey A3 pl atforns wei ghing 70,000 pounds. The contractor shall provide design changes, cal cul ations, processing, schematics, and
rationale for any changes in a report titled: QDD Design & Cal cul ations, Test Results of Phase | SBIR Option, Report No.1l per (CDRL
A003) of QDD conponents which may need to be replaced due to Bradley A3 vehicle weight class and torque |oadings. Torque |oading was
defined during the option period of the predecessor Phase | SBIR contract. Report No. 1 shall include torque |oading requirenments and
will be reviewed for approval by the COR The contractor shall integrate one (1) up graded QDD prototype into the final drive for |oad
testing. A second final drive is required in the test stand set-up and shall also be provided by the contractor. All work shall be
performed at the contractors facility.

C.3.1.3 Performload test on Upgraded QDD Designed for Bradley A3 Final Drive.

C.3.1.3.1 The contractor shall performphysical |oad testing using their calibrated dynamoneter on the upgraded QDD. A draft test plan
titled: QDD Test Plan for Load Test, Test Plan No.1 (I AWA002) shall be subnmitted no later than 30 cal endar days before the test event
by the contractor to the COR for review and approval prior to dynanoneter tests. The COR shall review the test plan within 10 cal endar
days and return it to the contractor with comments or approval. The contractor shall then review and incorporate any COR comments and
subnmit a final version of Test Plan No. 1 no later than 10 cal endar days before the test event. The contractor shall also design and
build fixtures to support the dynanoneter test stand for mounting the QDD to a contractor-provided Bradley A3 final drive. The Bradl ey
A3 final drive shall be oriented in such a way as to replicate its position on an actual vehicle. As part of Test Plan No. 1, the
contractor shall devel op different engineering nmethods, subject to COR review and approval, for inducing and controlling torque to the
dynanoneter test stand. In Test Plan No.1, the contractor shall also provide an analysis of the different nmethods used for inducing and
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controlling torque to the dynanoneter. The contractor shall also develop a test cycle with variable torque and rotational speed |evels
in revolutions per mnute (RPM. The torque and rotational speed |levels shall be representative of a Bradl ey A3 wei ghing 70,000 pounds
and shall be included in Test Plan No. 1.

C.3.1.3.2 The contractor shall conduct a physical |oad test on the QDD which shall denonstrate the QDD bei ng di sengaged by applying
vari abl e i nput speeds and torque to the QDD in order to verify disengagenent. This physical |oad test shall be conpleted at a mni num
of six (6) tines (3 times in engaged npde and 3 tines in disengaged node) to verify performance of the QDD in both di sengaged and
engaged nodes. Foll ow ng di sengaged-node QDD tests, the QDD shall then be re-engaged so that engaged-node tests can be conducted. During
engaged- node tests, the sane variable input speed and torque shall again be applied, as were used in di sengaged-node tests, to confirm
that the QDD performs under |oad conditions as would be representative of an actual Bradley A3 platformunder field conditions at a
speci fied 70,000 pound vehicle weight. The total physical load test time of the QDD in both engaged and di sengaged nodes shall not
exceed 40 hours for testing of both nbdes. The contractor shall conduct testing in equal tine periods for each node (20 hours engaged
node and 20 hours in di sengaged node) unless a design issue occurs in one specific nmode. The contractor shall develop a corrective
action, subject to COR review and approval, for any design issue identified during the tests and verify efficacy of the corrective
action through re-testing.

C. 3.2 Testing of Ferrium C61 conponents to conpare to results against those obtained in the predecessor Phase | SBIR contract.

C.3.2.1 The contractor shall perform physical (bending fatigue) testing on gears made of Ferrium C61 and conpare the results of these
tests against tests of standard production final drive gears made of baseline naterial that is used on Bradley Final Drives. Evaluation
of FerriumC61l in the Phase | SBIR effort utilized | SO 6336 standards and naterial properties of Ferrium C61 (no physical testing was
conducted) to predict Ferrium C61l's lifetime performance inprovenment over the baseline Bradley Final Drive gear material. Analysis
predictions during the Phase | SBIR effort indicated that Ferrium C61 would last 2 to 3 times |longer than current Bradley baseline gear
material . Performance of physical bending fatigue testing shall confirmor disconfirmthose predictions.

C.3.2.2 Bending Fatigue Test Plan for Ferrium C61 Gear and conparison tests with Bradl ey Baseline Gear Material:

C.3.2.2.1 The contractor shall develop draft and final test plans titled: Ferrium C61Bradl ey Baseline Gears Bending Fatigue Test Plan,
Test Plan No.2 (CDRL A002) for perform ng physical (bending fatigue) |aboratory tests on: (i) Ferrium C61, and (ii) Bradley baseline
gear material to determine if analysis predictions for torque capacity and reliability fromthe Phase | SBIR contract are accurate. The
draft of Test Plan No. 2 shall be subnmitted to the COR no |ater than 30 days before the test event. The CORwill then review the test
plan and return it to the contractor no later than 10 cal endar days after receipt with coments or concurrence. The contractor shall
review and incorporate the CORs coments and submit a final Test Plan No. 2 no later than 10 cal endar days before the test event.

(a) The test plan shall include (i) Gl and & baseline gear sets (One Gl and one & gear per set); and (ii) Ferrium C61 Gl and & gear
sets (one Ferrium C61 GL gear and one Ferrium C61 G2 gear per set).

(b) Eight (8) Ferrium C61 Gland & gear sets and eight (8) Bradley baseline material GL and & gear sets shall be of identical geonetry
so that the only differences between the test groups are: (i) the material properties and, (ii) the resultant unique processing nethods
required for each gear type.

(c) The contractor shall (i) control the surface finish properties so that the test sanples are consistent in surface quality; and (ii)
ensure that performance differences are due to the material property differences and not other factors.

C.3.2.2.2 Per Ferrium C61Bradl ey Baseline Gears Bending Fatigue Test Plan No. 2, found in section C. 3.2.2.1, the contractor shall
performlow cycle fatigue testing of (i) Bradley baseline material input gear sets and (ii) Ferrium C61 input gear sets. A low cycle
fatigue test for the Bradley Final Drive is based on a final drive service life of an average of 10,000 cycles. The contractor shall
utilize a test stand whereby the input gears are nounted to a hydraulically actuated | oading device. A load shall be cyclically applied
to the input gears to induce unidirectional or bidirectional |oading at a selected frequency. The two input gear sets (baseline material
set and Ferrium C61 set) shall be cyclically |oaded under a fixed frequency and | oad profile until bending failure occurs on the gear
teeth or until the test run reaches 10,000 cycles, whichever cones first. The contractor shall conduct a mninmm48 tests of both the
baseline input gear sets (24 tests) and the Ferriuminput gear sets (24 tests) under four (4) different |oading points to be determ ned
by contractor and specified in Test Plan No. 2. For each control group (Bradley baseline material input gear sets and Ferrium C61
material input gear sets), the contractor shall performa mninum24 tests in low cycle fatigue range and will induce gear set failures
to occur in approximately 6 hours. Test Plan No. 2 shall specify the m ni mum nunber of Bradley baseline material input gears and Ferrium
C61 input gears to be tested.

C.3.2.3 Perform Bendi ng Fatigue Testing on baseline and C61 conponents:

C.3.2.3.1 The contractor shall performthe bending cycle fatigue testing in-house for each of the Bradl ey baseline gears and Ferrium C61
gears under cycle and | oad conditions described in paragraph C. 3.2.2.1, Test Plan No.2. Test data shall be collected and test results
shall be presented in a report titled: Ferrium CGears versus Baseline CGears, Stress versus Cycle Failure, Test Results: Report No. 2
(CDRL A003). The test results shall allow the contractor to obtain a statistical understanding and performa statistical analysis of
each material to be used in constructing a bending stress versus life plot (S N curves of the baseline nmaterial and the Ferrium C61
material used).
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C. 3.2.4 Quantify Inprovenents Over Baseline Material:

C.3.2.4.1 The contractor shall quantify any inprovenments of Ferrium C61 gears over baseline naterial gears. These findings shall be
reported in Report No.2 specified in paragraph C 3.2.4.1 above.

C. 3.3 Conparison of Baseline and C61 gears with Superfinishing.

C.3.3.1 The contractor shall submit a draft test plan, titled: Superfinish Performance Test Plan on Baseline and Ferrium C61 Gears: Test
Plan No. 3 to the COR no later than 30 cal endar days prior to the test event. The COR shall review the test plan and provi de feedback no
later than 10 cal endar days after receipt of draft test plan. The contractor shall review and incorporate the CORs comments and subnit a
final test plan no later than 10 cal endar days before the test event.

(a) Test Plan No. 3 shall detail, (i) bending fatigue testing on Gl and G gear sets (as perfornmed in C.3.2.4.1 on Ferrium C61 gear
material and Bradl ey baseline material in matched Gl and G gear sets) and (ii) surface contact fatigue and efficiency testing on a four
square dynanmonmeter with Gl, &, G3 and &4 matched gear sets utilizing baseline material and Superfinishing added to the gear teeth.

(b) For surface contact fatigue and efficiency tests, the contractor shall detail specific test nethods and procedures to be run on
assenbl ed Bradley final drive units.

(c) The laboratory tests on Superfinished gears shall help to assess the gears perfornmance inprovenents for torque capacity and
reliability over baseline material gears.

(d) Test Plan No. 3 shall include tests on baseline gear sets along with Superfinished gear sets.
C. 3.3.2 Manufacture gear prototypes and apply Superfinishing:

C.3.3.2.1The contractor shall manufacture the follow ng gear prototypes and apply Superfinishing in preparation for bending fatigue
testing.

C.3.3.2.1.1 Eight (8) baseline Gl gears and four (4) baseline & gears.
C.3.3.2.1.1.1 Eight (8) FerriumC61 Gl gears and four (4) Ferrium C61 & gears.

C.3.3.2.2 The contactor shall build or supply four (4) Bradley final drive assenblies. The final drive units consist of Gl, &, G3 and
&4 gears which are included in the final drive assenbly. Four (4) baseline material Gl gears, four (4) baseline material G2 gears, four
(4) baseline material G3 gears and four (4) baseline material 4 gears with Superfinishing applied shall be used for conparison against
standard baseline material gears w thout Superfinishing which are normally installed in Bradley final drive assenblies. The other four
(4) baseline naterial Gl gears, four (4) baseline material G gears, four (4) baseline material G3 gears and four (4) baseline naterial
G4 gears shall be used in later contact fatigue testing and efficiency testing with DLC applied on top of the Superfinishing.

C. 3.3.3 Perform Bendi ng Fatigue Tests on conponents w th Superfinishing:

C.3.3.3.1 The contractor shall performbending fatigue tests on Superfinished gear sets made of baseline gear material and gear sets
made of Ferrium C61 naterial as described in Test Plan No. 3 per paragraph C.3.3.1. A mininumof 24 bending fatigue test runs shall be
conducted for each of the two gear sets. Gear set nunmber one shall contain one (1) baseline naterial Gl gear and one baseline & gear,
and gear set nunber two shall contain one (1) Ferrium C61 Gl gear and one Ferrium C61 & gear. The |ow cycle bending fatigue testing
shall be simlar to the | ow cycle bending fatigue testing conducted in paragraph C 3.2. 2. 1.

C.3.3.4 Perform Surface Contact Fatigue and Efficiency Testing on Final Drives:

C.3.3.4.1 The contractor shall performa total of four (4) test runs on two final drive assenblies (set 1 and set 2) as described in
paragraph C. 3.3.2.2. (Note: for preparation of surface contact fatigue testing and efficiency testing there is no gear nodification
required as there was for bending fatigue testing.) The surface contact fatigue testing and efficiency testing shall be performed with
two (2) fully assenbled final drive units (a left and right final drive makes one final drive assenbly). Initial testing shall contain
baseline material gears that shall be run under two high |l oading condition test points (specified in Test Plan No. 3) to establish an
approximate |ife span of baseline material gears. After the tests with the baseline material gears, the contractor shall tear down the
drives and rebuild themwith a fresh set of Superfinished baseline material Gl, &, G3, and G4 gears. The contractor shall then conduct
four (4) test runs consisting of two (2) test runs with baseline gears in final drive units and the other two (2) test runs shall be
conducted with a final drive built up with baseline Superfinished gear sets. Performance testing on baseline naterial Superfinished
gear sets shall be run at the sane |oading conditions as baseline gears in order to assess any inproved perfornmance for surface contact
fatigue. The contractor shall record efficiency performance by recording actual torque values and cal cul ating the power |osses with the
four (4) square power |oop. Al data, which includes the torque |evels, torque |osses, speed, tenperatures and vibration |levels, shall
be collected and used to performstatistical analysis described in section C.3.3.5 below. At conpletion of testing, the contractor shall
refurbish the final drive assenblies. The contractor shall also develop a nethod in accordance with AGVA 912 to determ ne the onset of



Reference No. of Document Being Continued Page 10 of 14

CONTINUATION SHEET
PIIN/SIIN WB6HZV- 13- C- 0056 MOD/AMD P00001

Name of Offeror or Contractor: Loc PERFORMANCE PRODUCTS, | NC.

surface fatigue failure in each test run.
C.3.3.5 Quantify Inprovenents of Superfinished gears:

C.3.3.5.1 Wth the bending fatigue test data fromC. 3.3.3.1 and contact fatigue data fromC. 3.3.4.1, the contractor shall conpile test
results in a report titled: Superfinished Gear |nprovenents, a Statistical Analysis of Test Results: Report No. 3 (CDRL A003). The
statistical analysis data shall be used to construct bending stress versus life plots (S-N curves) of Superfinished gears made from both
baseline material and Ferrium C61. The contractor shall also plot inprovenents in surface contact fatigue life and efficiency
inprovenents afforded by Superfinishing. These curves shall be used to reassess predicted performance fromthe predecessor Phase | SBIR
contract, which included no physical tests, of the Superfinishing process.

C.3.4 Uilization of D anpnd-Like Coating (DLC) Technol ogy:

C.3.4.1 The contractor shall apply, and physically test the performance of, DLC to gears that have already been treated with the
Super fini shing described in paragraph C.3.3.2.2 which lists the nunber of gear prototypes with Superfinishing applied. Four (4) each of
Gl, &, &B and &4 shall be used to apply the DLC over the Superfinishing.

C. 3.5 Di anond- Li ke Coating Performance Test Plan.

C.3.5.1 The contractor shall create a draft test plan titled: D anond-Li ke Coating Performance Test Plan: Test Plan No.4 (I AW A002). The
contractor shall submit the draft Test Plan No. 4 to the COR no |ater than 30 cal endar days before the test event. The COR will review
the draft and return it with any comments no later than 10 days after receipt of the draft test plan. The contractor shall review and
incorporate any COR comments, and deliver a final Test Plan No. 4 no later than 10 cal endar days before the test event. Test Plan No. 4
shal | detail the test nethods and procedures for performng |aboratory tests on DLC gears to assess any performance inprovenents with
regard to torque capacity and reliability over the contractors current baseline naterial gears and Superfinished gears. The contractor
shall use a four-square dynanoneter which is designed to test Bradley left and right final drives together for perforning the surface
contact fatigue tests as well as efficiency testing. The lab tests shall be performed with two (2) fully assenbled final drive units, 4
final drives assenblies total (a left and right final drive make one (1) final drive assenbly). Each final drive assenbly (left and
right) shall contain gear sets which include Baseline gears, Superfinished gears, and DLC gears. The two (2) final drive units used in
C.3.3.4 which were used to test Superfinished gears shall be torn down and re-furbished with new and unused gears made of baseline

mat eri al whi ch have Superfinishing and DLC applied.

C.3.5.1.2 WUilize gear prototypes (four (4) each of baseline material Gl, &, G3 and &4 gears w th Superfinishing and DLC) manufactured
in C3.3.22.

(Note: These 4 Gl, &, G3, and A gears as well as the 4 Gl, &, G3 and &4 gears manufactured in C. 3.3.2.2 with Superfinishing for
surface contact fatigue and efficiency and efficiency testing on the final drive (C. 3.3.4.1) equal the 8 prototypes Gl, @ G3 and 4
Basel i ne gears which were Superfinished in paragraph C. 3.3.2.2).

C.3.5.1.3 Perform Surface Contact fatigue and Efficiency Testing on the DLC gears:

The contractor shall performa total of two (2) test runs on tw (2) final drive assenblies. Test nmethods and procedures shall conform
to the sane speed and torque levels as previously run for Superfinished gears evaluated in C.3.2.2.1. Al data, which includes the
torque levels, torque |osses, speed, tenperatures, and vibration levels, shall be collected and used to performstatistical analysis
described in section C 3.5.2.1 below. The contractor shall also develop a nethod in accordance with AGVA 912 to determi ne the onset of
surface contact fatigue failure in each test run.

C.3.5.2 Quality Inprovenents of DLC gears and other itens eval uated:

C.3.5.2.1 Wth the surface contact fatigue data and efficiency data, the contractor shall conpile test results in a report titled:

Di anond- Li ke Coating (DLC) Gear Inprovenent, a Statistical Analysis of Test Results: Report No. 4 (CDRL A003).This report shall also
plot any inproverments in surface contact fatigue life and efficiency inprovenents afforded by DLC and shall al so be used to reassess
predi cted performance of the DLC process fromthe predecessor Phase | SBIR contract, which included no physical tests. This report shall
be submitted no |ater than 30 days after test conpletion for review and approval by the COR

C. 3.6 Design Bradl ey Mdernization Final Drive (BWFD):

C.3.6.1 Using all test results gathered fromlab test results of Ferrium C61 gear material, Superfinished gears, gears with DLC, and
QDD, together with the material and process characterization, the contractor shall fornmulate and characterize the Best Techni cal
Approach (BTA) through a report titled: Analysis of Test Findings of Material and Processes and Conbi nations |ncluding QDD Test Results:
Report No.5 (CDRL A003) for the final-drive gear design. Report No. 5 shall enconpass cost and perfornmance trade-offs for an overall
conparative ranking based on paraneter weightings of up to the best three gear designs which include baseline gear material, Ferrium C61
gear material, Ferrium C61 or baseline material gears with Superfinishing, DLC, or both. For each gear design conbination being ranked,
the one (1) gear design selected as best nust provide a bal ance between reliability, efficiency and product life cycle costs. The
contractor shall determne balance in a manner sinmilar to that which the contractor used in the Phase | SBIR effort to arrive at its
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recomendation to pursue the 24,000 mle life solution which provided the best reliability at a conparable life cycle cost to the
conpeting alternatives. The CORw Il review and approve the BTA ranking process and the overall gear design conbination processes
sel ected, including selection of QDD, within two weeks of receipt.

C. 3.7 Update Design of the QDD for BMFD:

C.3.7.1 The contractor shall prepare the QDD for insertion of QDD into the BMFD based on findings fromC. 3.1 through C. 3.1.3 which

desi gned and | oad tested the QDD nmechanismfor insertion into the baseline Bradley A3 final drive configuration. Lessons |earned from
testing in C.3.1.3.1 shall be applied in this task to detail engineer the QDD. The detail engineering of the QDD for BMFD shall incl ude:
(i) functional details of QDD description and operation, and (ii) physical teardown and | ogistic denonstration of QDD with invitation
extended to the COR and PM ABCTPM Engi neering (POC Steve Weisenhaus) support teamto witness this event at the contractors facility.

C. 3.8 Manufacturer and Acceptance Test of BMD:

C.3.8.1 The contractor shall manufacture two (2) final drive assenblies. Each final drive consists of: two (2) baseline material PIMGL
gears with Superfinishing and DLC, two (2) baseline material PIM G gears with Superfinishing and DLC, two (2) Ferrium C61 G3 gears with
Superfinishing and DLC, and two (2) baseline material PIM G4 gears with Superfinishing and DLC. These gears, two sets of Gl, &, G3 and
&4 gears shall be based on the optimal gear train based on BTA established in C. 3.6.1 These itens shall be installed into BMD i f
substantiated by lab test results and approved by the COR It is also assuned that QDD will be selected as a BTAitemin C. 3.6.1 and
the detail engineering of QDD design for BWFD established in C.3.7.1. The contractor shall provide two PIMfinal drives which shall be
torn down and re-assenbl ed with conponents established in C 3.6.1 based on BTA findings and the QDD established in C 3.6.2. This shall
produce the two (2) nanufactured BMFD final drive assenblies for acceptance testing.

C.3.8.2 Develop Test Plan and Perform Acceptance Testing of the Bradl ey Mdernization Final Drive (BWD):

C.3.8.2.1 The contractor shall devel op an acceptance test plan Titled: Bradley Final Drive Acceptance Test Plan: Test Plan No. 5 (CDRL
A002) which shall be based on a previously devel oped acceptance test plan for the ML Abrans final drive. The contractor shall provide
the speeds and | oad conditions. The contractor shall submt the draft Test Plan No. 5 no later than 30 days before the test event. The
COR W Il review and return the draft test plan with comments or concurrence no later than 10 cal endar days after receiving the draft
Test Plan No. 5. The contractor shall then review and incorporate any COR conments, and submit a final Test Plan No. 5 to the COR no
later than 10 cal endar days before the test event.

C.3.8.2.1.1 The proposed acceptance testing in Test Plan No. 5 shall include the followi ng tests:
(i) free spin performance test,
(ii) dynanoneter testing on the contractors four (4) square test stand,
(iii) cold testing, and
(iv) water submergence testing.

The contractor shall detail all operating conditions, nmeasurements points, time periods and other conditions within Test Plan No. 5 for
the four above-nentioned tests. In addition, the free spin performance test shall require that the drives be spun through their full
range of operating speeds while nonitoring free spin torque. The dynanoneter test shall be limted to 50 hours to ensure that maximm
service life remains for future BMFD denpnstrations and testing. Cold soaking of each drive to -60 degrees Fahrenheit shall be perforned
and input connection shall be turned a mninmmof one revolution in both directions (forward and reverse) before returning to room
tenperature prior to performance testing and inspecting for fluid | eaks. During the subnergence testing, the final drive shall be
supported so that all parts are under water and air pressure of 5 psig (pounds per square inch gauge) is applied to verify that no air

| eaks come through the seals and gaskets of the final drive.

C.3.9 Draft and Final Technical Report

C.3.9.1 The contractor shall submit a draft Technical Report to the COR no |ater than 30 days before the end date of the contract (IAW
A004) . The Technical Report shall explain the contractors findings regarding how well the predecessor Phase | SBIR effort predicted the
performance of Ferrium C61 gear material, Superfinishing, and the QDD when conpared to the physical |lab tests conducted in this Phase Il
SBIR effort. The COR shall review and approve or identify required changes within 10 cal endar days of receiving the draft Technical

Report .

C.3.9.2 The contractor shall submit a final Technical Report (1AW A005) to the COR no later than 15 cal endar days after receipt of the
CORs approval or corrections on the draft Technical Report.

C. 4 Reporting

C. 4.1 Project Planning:
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C.4.1.1 The project planning for this effort is based on the contractors Phase || proposal submtted 23 July 2012 which is, in turn,
based on test results obtained fromthe predecessor Phase | effort to include the Phase | Option effort.

C. 4.1.2 Laboratory Test Plan:

C.4.1.2.1 The contractor shall develop a draft laboratory test plan titled: Laboratory Test Plan No. 1 per CDRL A002 for performing the
proposed | aboratory tests and subsequent anal yses of Phase Il technol ogies. The draft shall be submtted to the COR 30 cal endar days
prior to the commrencenent of |aboratory tests. The CORwill return the test plan back to the contractor within 10 days of receipt with
any comments or corrections. The contractor shall review and incorporate any COR comments, and then subnit a Laboratory Test Plan No. 1
no later than 10 cal endar days prior to the first laboratory test event. Laboratory Test Plan No. 1 shall be devel oped by the contractor
and approved by the COR to accurately quantify the performance characteristics of Ferrium C61 material, gears with Superfinishing and
DLC for inmproving load carrying capability and inproving efficiency of tracked vehicle geared systems. The test plan shall incorporated
considerations for statistical confidence of the data produced and resultant useful ness for predicting gear |life based on follow on gear
product design efforts utilizing the SBIR technol ogy. Cther considerations that shall be accounted for are available funding for
performing the test, design of experinents, test repeatability, test inputs and test control nethods.

C. 4.1.3 Program Managenent Report.

C. 4.1.3.1 The contractor shall include a detail ed Program Managenent Report (I AW A008) for planning and risk managenent so that the

contractor can ensure successful managenent of the Phase Il cost and schedul e performance. At the conclusion of this task, the
contractor shall have a detailed schedule in Mcrosoft Project and an associ ated spending profile plan by month for the entire Phase |1
project. The contractor shall report against this cost and schedule plan on a nonthly basis throughout Phase |l execution.

C. 4.1.4. Monthly Reports.

C.4.1.4.1. The contractor shall submit nonthly Progress Reports to the COR (I AWA0O01). Any draft or final test plans or any of the five,
above-nentioned reports may be delivered with the nonthly Progress Reports if the schedule allows it.

C.4.5.4 Research and Devel opment (R&D) Project Sunmary.

C. 4.1.5.1 The contractor shall submt a draft and final publicly releasable SBIR Phase || R&D Project Summary (| AW A007). The summary is
an uncl assified, non-sensitive, and non-proprietary sumation of results that is intended for public viewing on the Army SBI R/ STTR Snal |

Business Portal. It should address the Data Itemrequirements on a sunmary basis and nust not exceed 700 words. The draft shall be
submitted at |east 30 days prior to the contract conpletion date; the COR shall have ten days after receipt to provide coments or
concurrence. The contractor shall incorporate any COR comments and submit the final SBIR Phase |l R& Project Summary not |ater than

the contract conpletion date.

C.5 Deliverables:

C.5.1 QDD Design & Calculations, Report No. 1 per C. 3.1.2.1 (CDRL A003).

C.5.2 QDD Test Plan for Load Test, Test Plan No.1 per C 3.1.3.1 (CDRL A002).

C. 5.3 Ferrium C61 Bradl ey Baseline Gears Bending Fatigue Test Plan, Test Plan No. 2, per C 3.2.2.1 (CDRL A002).

C. 5.4 Superfinish Performance Test Plan on Baseline and Ferrium C61 Gears, Test Plan No. 3, per C 3.3.1 (CDRL A002).

C. 5.5 Superfinished Gear Inprovenents, a Statistical Analysis of Test Results, Report No. 3, per C 3.3.5.1 (CDRL A003).
C. 5.6 Di anpond-Li ke Coating Performance Test Plan, Test Plan No. 4, per C. 3.5.1 (CDRL A002).

C. 5.7 Dianond-Li ke Coating (DLC) Gear |nprovenent, a Statistical Analysis of Test Results, Report No. 4, per C. 3.5.2.1 (CDRL A003).
C. 5.8 Draft Technical Report, per C.3.6.1 (CDRL A004).

C.5.9 Final Technical Report, per C. 3.6.2 (CDRL A005).

C.5.10 Engineering details and drawings for insertion of QDD per C 3.7.1 (CDRL A009).

C.5.11 Analysis of Test Findings of Material and Processes and Conbinations Including QDD Test Results, Report No. 5 per C 3.8.1 (CDRL
A003) .

C.5.12 Bradley Final Drive Acceptance Test Plan, Test Plan No. 5, per C. 3.8.2.1 (CDRL A002).
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C.5.13 Laboratory Test Plan No. 1 per C. 4.1.2.1 (CDRL A002).

C. 5. 14 Program Managenent Plan per C 4.1.3.1 (CDRL A008).

C.5.15 Monthly Progress Status and Managenment Reports to the COR per C 4.1.4.1 (CDRL A001).
C.5.16 Draft and Final R& SBIR Phase Il Project Summary per C. 4.1.5.1 (CDRL A007).

C.5.17 Final Prototype Assenblies. The contractor shall deliver two (2) final drive assenblies for Bradl ey Mdernization Final Drive
(BMFD) Program application. The conponents and processes for BWFD shall be based on best technical approach (BTA) determ nation nade in
C.3.7.1. This determnation will decide whether Ferrium C61 gear material, Superfinished gears, gears with DLC, or a conbination of the
items plus whether the QDD is incorporated into the BMFD design before final prototype assenbly. The contractor shall ship the two Phase
Il BWD final drive prototypes to the Arny upon request (location to be specified by the COR).

C. 6 Meetings

C. 6.1 Kickoff Meeting: The contractor shall plan a kick-off meeting to |last no |longer than one day either at TACOM the contractor's
site, or via teleconference no later than 30 days after contract award. The contractor shall coordinate the date, time, and |ocation of
this nmeeting with the COR. At the neeting, the contractor shall explain its intended approach for acconplishing the contract's Statenent-
of -Work. The contractor shall submt neeting mnutes | AW A006.

C. 6.2 In Process Reviews: The contractor shall plan and conduct in process reviews at six (6), twelve (12) and ei ghteen (18) nonths
after contract award. These neetings are not anticipated to exceed one day each in duration unless the parties agree otherw se. The
dates, location, personnel in attendance, nbde of neeting (via tel econference or on-site), and start tines shall be coordi nated between
the contractor and the COR

C7 Gover nment Furni shed Equi pment/ Materi al s/ Property

None

C.8 Contractor Manpower Reporting

C.8.1 The contractor shall report ALL contractor |abor hours (including subcontract |abor hours) required for performance of services
provi ded under this contract for the Bradl ey Mddernization Final Drive via a secure data collection site. The contractor is required to
conpletely fill in all required data fields using the follow ng web address: http://ww.ecnra.ml/, and then click on Department of the
Army CVRA or the icon of the DoD organization that is receiving or benefitting fromthe contracted services.

C.8.2 Reporting inputs will be for the | abor executed during the period of performance during each CGovernnment fiscal year (FY), which
runs Cctober 1 through Septenber 30. Wiile inputs nay be reported any time during the FY, all data shall be reported no later than

Cctober 31 of each cal endar year, beginning with 2013. Contractors nmay direct questions to the help desk by clicking on Send an ensil
which is |ocated under the Hel p Resources ribbon on the right side of the |ogin page of the applicable Servicel/ Conponents CMR website.
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*** END OF NARRATI VE C0002 ***
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