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1.0 EXECUTIVE SUMMARY

This report contains test results for the CT7/T700 Bio Fuel Low Lubricity Endurance Test. The
testing was performed on Woodward Item Number 6970-034 according to Woodward test
procedure DTP-1827 Rev. A, herein referred to as DTP-1827, using a blend of renewable R-8
fuel as well as Jet-A, at a BOCLE between 0.85 and 1.00 mm wear scar.
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2.0 RESULTS AND DISCUSSION
2.1 Test Article
2.1.1 Pump Configuration

The production Commercial Cartridge Pump (CCP) is Item Number 6970-034 conforming to the
requirements of current Woodward production drawing 6970-034 Rev NEW. The CCP in the
tested mounting orientation is displayed in Appendix H Figure H-2.

The Woodward produced Test Article used for the Low Lubricity Endurance Test was the
following:

Item Name  CT7/T700 Commercial Cartridge Pump
Item Number 6970-034
S/N 19366491

2.1.2 Functional Description

The Test Article is a gear pump that includes a high pressure relief valve that limits the
maximum pump pressure.

2.2 Specification Requirements

2.2.1 Fuel Lubricity

The wear scar diameter shall be 0.85-1.00 mm per the proposal.
2.2.2 Test Duration

Test time was accumulated with 50 minute cycles followed by 5 minute shutdown periods for a
targeted period of 400 hrs. Start and end dates of each test milestone are provided below in Table
1.

Table 1. Test Sequence and Dates

Test Section Start Date End Date
Pump Run-in Procedure 6 May 2014 6 May 2014
Pre-Test Inspection 2 June 2014 2 June 2014
Pre 100 hr. Test ATP/Characterization 5 June 2014 5 June 2014
100 hr. Low Lubricity Endurance Test 18 June 2014 23 June 2014
ngtclc‘)),(\)/lr_‘gs;e“ Performance Check 1 53 5 1ne 2014 23 June 2014
Post 100 hr. Disassembly/Inspection 23 June 2014 23 June 2014
Assembly 24 June 2014 24 June 2014
Pre 300 hr. Test ATP/Characterization 24 June 2014 24 June 2014
300 hr. Low Lubricity Endurance Test 24 June 2014 18 July 2014
Post 300 hr. Test ATP/Characterization | 18 July 2014 18 July 2014
Disassembly/Inspection 21 July 2014 21 July 2014
2
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2.2.3 Success Criteria

There is no explicit pass/fail criterion for a 400-hour low lubricity test.
2.3 Test Parameters

2.3.1 Test Procedure

Bio Fuel Low Lubricity Endurance testing was performed per DTP-1827 (excluded from this
report due to the proprietary nature of the material). The test was performed at Woodward
Turbine Systems Environmental Test Facility (ETF) in Rockford, Illinois. Following the testing,
the unit was post acceptance tested, then inspected in accordance with DTP-1827.

The mission cycle for the endurance testing is shown in Appendix I. Continuous data recording
was performed per DTP-1827 Section 8.6. Steady-state data recording was performed per DTP-
1827 Section 8.5.

The test fluid was a blend of renewable R-8 and Jet A as provided by UTC. The test fluid was
tested for lubricity using the Ball-On-Cylinder-Lubricity-Evaluator (BOCLE) per WI-977 to
measure the wear scar diameter, with limits of 0.85-1.00 mm with 1000 gm stylus. Samples of
the test fluid were taken at intervals stated in DTP-1827. Only those cycles that met the
requirements of >0.85 mm WSD were accredited to the cycle count.

A test checklist was initiated and signed off throughout the test to ensure that the proper steps
were taken to perform the test correctly (see Appendix C). An equipment list and event log were
generated and are provided in Appendix C. Photos of the test set up were taken and are included
in Appendix D — Setup Photographs. After reassembly, the pump was tested per COM-852. The
pre and post-test pump performance data is included in Appendix A. Post inspection reports and
photos are included in Appendix F.

The Low Lube test sequence was per DTP-1827. The general sequence and dates of testing
performed are shown in Table 1.

2.3.2 Test Procedure Deviations

A test cell heat exchanger leaked at approximately 60 hours into the 300-hour portion of the test.
Heat exchanger external leakage resulted in the loss of all conditioned test fuel and 20 gallons of
cooling fuel. The conditioned fuel loss resulted in a loss of both inlet and discharge pressures to
the test article. Review of the test data indicates that the pump operated for approximately four
hours without inlet pressure before being discovered. Per standard Woodward procedures, the
pump was removed, fully disassembled, inspected, reassembled and functionally tested in order
to either substantiate or refute further reliable performance, and thus, further testing.

The post heat exchanger leak pump ATP provided supporting evidence of a normal operational
pump with the exception that the HPRV piston was hanging up in the sleeve. As such, the pump
did not meet the HPRV cracking pressure check portion of the test (see Appendix G Post 177 hr
ATP Test Points 2 and 6). Although the HPRV is a static device and did not crack during any
portion of the low-lube test, the HPRV was removed from the pump and sent to Woodward’s
Materials Lab for further analysis. The HPRV was replaced, and the pump passed the subsequent
ATP.

The heat exchanger was replaced and new fuel was added to the system and conditioned to the
required lubricity as determined by BOCLE testing. The mission cycle computer was reset from

3
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the time left off (182 hrs) to 177 hours due to the fact that 177 hours marked the last point at
which the test cell was observed to be operating normally.

2.4 Low Lubricity Test Results
2.4.1 Fuel Lubricity

An “out-of-the-barrel” pre-test fuel sample was taken and the fuel lubricity was 0.76 mm wear
scar diameter (WSD). The test fuel was subsequently conditioned using a clay filter and after the
conditioning the Pre-test fuel sample had a WSD of 0.97.

Average lubricity (WSD) during the 400 hr test was 0.93 mm with a minimum of 0.85 and a
maximum of 0.97mm. Fuel lubricity test results are shown in Appendix E Table E-5.

2.4.2 Pre-Test ATP

Piece part critical inspections were performed per Appendix A of DTP-1827 prior to the testing.
The inspection record sheets are shown in Appendix B. The Test Article was assembled per the
applicable assembly procedure.

The Test Article was performance tested per COM-852. The pre-performance values for the
testing were all within the specified limits of COM-852. The pre-test performance data is
summarized in Table 3 and a copy of the data sheet is included in Appendix A.

2.4.3 Post Test Inspections

The Test Article was performance tested per COM-852 at the conclusion of testing. The values
were all within the specified limits of COM-852. The post-test performance data is in Appendix
A. A comparison of the pre test fuel flow schedule to the post test schedule is shown in Table 2.

Total flow and start flow decreased 6.53% and 13.08% respectively but still exceeded the
required total flow and start flow by 10.37% and 9.41%, respectively.

The rest of the parameters were tested to have minimal degradation.
Table 2. Performance Summary (COM-852 Data)

PrefPost eCOM-852 Data Summary
DTP-1827 Bio Fuel Low Lubricity Endurance Test
Pump I/N 6970-034
Pump 5/N 19366491
Test Point  |Description Limits Units Pre Test |Post 400 hrs Delta

1.1 Total Flow, Intermediate Speed 3.76-6 gpm 4.44 4.15 -0.29 -6.53

2 HPRV Max Pressure, Int. Speed 900 - 1070 psid 1054 1018 -36 -3.42]

3.1 HPRV Reseat Flow 3.5-6.26 gpm 4.4 4.12 -0.28 -6.36

4.1 T/0 Total Flow 8.5-11 gpm 10.26 9.59 -0.27 -2.63

5.1 Flow near HPRV Cracking Pressure | 7.98- 11.52 gpm 10.13 5.88 -0.25 -2.47

6 HPRV Max Pressure, T/O 900 - 1120 psid 973 999 26 2.67|

7.1 HPRV Reseating Total Flow 8.24-11.26 gpm 10.24 9.99 -0.25 -2.44

8.1 Start Flow 0.85- 1.5 gpm 1.07 0.93 -0.14 -13.08

9.1 Max Flow Check 83.03-11 Epm 9.49 9.21 -0.28 -2.95

10.1 External Leakage 0 drops/min 0 0 0 0.00

10.2 Overboard Leakage 0 drops/min 0 0 0 0.00

11 Breakaway Torque 0-15 Ib-in 8 6 -2 -25.00|

4
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2.4.4 Bearings

Post test inspections of the bearings showed fair polishing of the bearing faces (see inspection
entries in Appendix B) which is more than what is expected in normal operation but is expected
in extreme low lube operating conditions. Light polishing was observed after 112 hours of
testing, which is also comparable to what has been demonstrated in past tests. Appendix F
Images 1 and 2 show the floating and stationary bearings pre/post testing.

Pre and post test inspection results (see Table 3 and Appendix B) show that all variations in
measurements are within measurement repeatability. The positive changes documented are
within tool accuracy specifications. Therefore, it can be concluded that there were no observable
dimensional changes on the bearings since no negative dimensional change was observed.

Table 3. Bearing Pre and Post Test Inspections

Inspection Data
A
Pre Test | Post Test
Drive Height | .3632 .3633 .0001
. . 1401-1175 ID .6954 .6959 .0005
Floating Bearing :

Driven Height | .3629 .3631 .0002

1401-1176 ID .6954 .6958 .0004

) Height | .5399 .5400 .0001
Drive

Stationary Bearings ID .6953 .6960 .0007

1401-1174 . Height | .5399 .5400 .0001
Driven

ID .6953 .6959 .0006

245 Gears

Gear wear was negligible. Table 4 shows that all variations in measurements were within
measurement repeatability, most of which have no observed variation. The gear teeth showed
some polishing on the working side of the teeth (see Appendix F Image 3) but the profiles
remained within new part limits. After 112 hours, minimal cavitation was observed on some of
the gear teeth. Regardless of conditions, this is a familiar observation among gear pumps.

No abnormalities were discovered during dimensional or visual inspection that were atypical for
a low lubricity test. The wear observed was rather comparable to wear seen from previous
testing.

5
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Table 4. Gear Pre and Post Test Inspections

Inspection Data
A
Pre Test | Post Test
oD 1.25605 | 1.25605 0.0
Width .3752 .3752 0.0
Drive Gear
Front Journal
1445-1135 oD .6942 .6941 -.0001
Rear Journal | = 50,9 6940 | -.0001
oD
oD 1.2561 1.2561 0.0
Width .3752 .3752 0.0
Driven Gear
Front Journal
1445-1135 oD .6941 .6941 0.0
Rear Journal
oD .6941 .6941 0.0

2.4.6 Housing

Both the drive and driven bores of the pump housing obtained “gear wipe” along the entire
diameter by the end of 112 hours of testing. This is due to maintaining a constant inlet pressure
of 30 psig throughout the test. Normally only the inlet side of the housing bores would get wiped
during the green run and normal operation but the high inlet pressure at low speed conditions
loads the gears toward the discharge side of the housing so wiping is observed on the discharge
side as well.

24.7 HPRV

Immediately following the test cell heat exchanger leak at 177 hours, the test article was
acceptance tested per COM-852. The pump functioned normally for most of the test but the
HPRV did not open during the cracking pressure test. The HPRV was removed from the pump
and observed to have higher than normal friction (the piston did not move freely within the
valve).

The HPRV was analyzed further in Woodward’s Materials lab. The piston was pressed out of
the sleeve and the visual inspection indicated that there were fuel deposits in the areas of
matched clearance to the valve. No deposits were observed in locations without mating

material. Scanning Electron Microscope inspection of the piston indicated that the deposits were
organic and carbon based. Fourier Transform Infrared Spectroscopy was used in an attempt to
identify the chemical composition of the deposit, but the results were inconclusive.

After completion of the post-400 hour acceptance test (the HPRV functioned normally), the
second HPRYV was disassembled for inspection. Deposits similar to those found on the first
HPRV piston were observed. No further inspections have been conducted on the second valve.

6
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3.0 CONCLUSION

The CT7/T700 Commercial Cartridge Pump (CCP) was tested to the agreed-to requirements
between UTC and Woodward. A wear scar between 0.85 and 1.0 mm was maintained throughout
the test and a full 400 hours were completed.

Comparing the pre and post-test performance data indicate the pump remained within operational
limits. Inspection results showed slight evidence of wear, particularly in the bearing and
housings but the dimensional analysis revealed all hardware remained within limits. With the
exception of the HPRV performance test during replacement of the heat exchanger, the test
article met all test requirements of COM-852 before and after the endurance test. There were no
signs of wear or damage that affected the proper operation of the unit.

Post test acceptance testing of the unit per COM-852 revealed a decrease in start flow of
approximately 13.08%, which was still 9.41% above min ATP limit. Max flow showed
degradation of 6.53%, but showed 10.37% margin.
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Appendix A

Pre and Post Test Performance Checks
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Pre-Test COM-852, CCP Acceptance Test

WOODWARD GOVERNOR COMPANY
ROCEFORD, IL
CAGE 66503

Desc: COM - CCP ACCEPTANCE TEST PROCEDURE
Date: 2Z2-JUL-2014
IMTPC - TEST SPECIFICATION RESULTS PRINT REPORT

COM-852
ECL: D
PRGE : 1

OF 1

Serial No: 19366491 Run No: 2 Work Order: 876961 Item No: &970-024
Current EStatus: A Run Status: P Test Type: AS Test Date: 05-JUN-2014

Test Point Record Unita Formula Tag
1.0 Total Flow Rate Check
1.1 Record Qtotal Qtotal gpm QTOT_1

2.0 HPRV Total Flow Eypass {Ps-Fbl) paid
3.0 HPREV Reseating Check
3.1 Record Qtotal Qtotal gpm
4.0 Total Flow Rate Check
4.1 Record Qtotal Qtotal gpm QTOT_2
5.0 HPREV MNear Cracking Pressure Check
5.1 Record Qtotal Qtotal gpm

6.0 HPRV Total Flow Eypass {Ps-Fbl) paid
7.0 HPREV Reseating Check
7.1 Record Qtotal Qtotal gpm
8.0 Etarting Flow Rate Check
B.1 Record Qtotal Qtotal gpm
5.0 Max Flow Check
8.1 Record Qtotal Qtotal gpm
10.0 Leakage Check
10.1 Record External Leakage Ext Leakage dropa/min
10.2 Record OBD Leakage OBD Leakage dropa/min

11.0 Breakaway Torgue Check Tg 1b_in

Min Value

Pass
Fail

3.76 4.44

6.00

S00 1054

1070

4.18 (Calc) 4.40

4.70

{Calc)

E

8.50 10.26

E

9.74 (Calc) 10.13

S00 a73

10.00 (Calc) 10.24

10.78

1120

10.52

(Calc)

(Calc)

E

0.85 1.07

1.50

=

B.03 5.49

=

0.0 0.0
0.0 0.0

0.0
0.0

r
r

-]

15

=

The following criteria were used to run this report:

Serial No: 19356451

Run Number:
Status:
Run Type:
Order By:

»—-ﬁ:ﬁm

EEHERERRTHTRRRAS

* End of IMTPC »
EEEEEHATAT AR
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Post 400 hr Test COM-852, CCP Acceptance Test

WOODWARD GOVERNOR COMPANY COM-852
ROCEFORD, IL ECL: D
CAGE 66503 PRGE : 1 0F 1

Desc: COM - CCP ACCEPTANCE TEST PROCEDURE
Date: 22-J0UL-2014
IMTPC - TEST SPECIFICATION RESULTS PRINT REPORT

Serial No: 19366491 Run No: 7 Work Order: 2306635 Item No: 6970-024
Current Status: A Run Status: P Test Type: AR Test Date: 1B-JUL-2014

Pass
Test Point Record Units Formula Tag Min Walue Max Fail

1.0 Total Flow Rate Check

1.1 Record Qtotal Qtotal gpm QTOT_1 3.7¢6 4.15 6.00 P
2.0 HPEV Total Flow Bypass {Ps-Fbl) paid o0 1018 1070 P
3.0 HPREV Reseating Check

3.1 Record Qtotal Qtotal gpm 3.89 (Calc) 4.12 4.41 {Calc) P
4.0 Total Flow Rate Check

4.1 Record Qtotal Qtotal gpm QToT_2 B.50 9.99 P
5.0 HPREV Near Cracking Pressure Check

5.1 Record Qtotal Qtotal gpm 9.47 (Calc) 9.88 10.51 (Calc) P
6.0 HPRV Total Flow Bypass {Pe-Fbl) paid go00 259 1120 P
7.0 HPRV Reseating Check

7.1 Record Qtotal Dtotal gpm §.73 (Calc) 9.99 10.25 (Calc) =
8.0 Starting Flow Rate Check

B.1 Record Qtotal Dtotal gpm 0.85 0.93 1.50 P
9.0 Max Flow Check

9.1 Record Qtotal Dtotal gpm B.03 9.21 P
10.0 Leakage Check

10.1 Record External Leakage Ext Leakage drops/min 0.0 0.0 o.o P

10.2 Record OBD Leakage OBD Leakage drops/min 0.0 0.0 o.o P
11.0 Breakaway Torgue Check Tg 1b_in [ 15 =4

The following criteria were used to run this report:

Eerial No: 19366491
Run Number: 7
Status: A

Run Type: AR
Order By: 1

EREEEE R EEEETE AN

* End of IMTPC i

EREEEE R EEEETE AN
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Appendix B

Pre and Post Test Inspection Data
DTP-1827 Appendix A Inspections

Pre-Test Inspection Data
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Measured Dimensions of Bearings and Gears
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Drive Floating Bearing
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Drive Stationary Bearing
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APPENDIX A - Critical Inspection Record — PRE-TEST

Test Article I/N: 6970-034 Test Article 3/M: 19366451
ltem Mame/
Location Inspection Record Mame and Date
(N}
Breakaway
3 Jasan Lang
NIA Targque 2014-05-08
Packing
Ps ErinFay Mayar
Discharge Wisual Mo discrepancies T eosan
(182748)
Vapor Vent Visual Mo discrepancies Erinfay Mayar
(182650) I3ua 2014-06-02
Overboard Mo discrepancies ErinFay May
Dirain Visual P v
(182650)
Cartridge . )
) Mo discrepancies Erinfay Mayar
Seal . Visual P z;?f-:ﬁa:u
(182574)
Drive
Flzating ) Mo discrepancies Erinfay Mayar
Bearing Visual M A0502
(152625)
Driven
Floating ) Mo discrepancies Erinfay Mayar
Bearing Visual 20140602
(152625)
HPRY ) Mo discrepancies Erinfay Mayar
(182748) Visual Famie
15
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CRITICAL INSPECTION RECORD — PRE-TEST

TestArticle I/M: 8570-034

TestArticle S/M: 19388431

tem
L :E;'gn Inspection Record Name and Date
('N}
Springs
Floating
Bearing ) )
. ] Mo discrepancies Eninfay Mayar
Springs Visual P b
(1520-
1423)
HPRWY No di ) o
Spring Visual o discrepancies :;\;Tf-:};i!
(1524-5848)
Bearings/Gears
Drive Visual Mo discrepancies ErnRay Maysr
Floating e
Bearin craig B
(1407 Inner Diameter 0.6954 Craig Rofanter
1175}
i Height 0.3832 Crag Roiander
20140523
Driven Wisual Mo discrepancies Srinmay Maysr
Floating 20140502
Eﬁir[;:'_g Inner Diameter 0.6954 Crg Rotander
1178} ' e =
4 T3 oiandar
Height 0.3629 23?:)5—23
Drive Wisual Mo discrepancies Srinfiay Mayar
Stationary 240502
Eifir[;,l"'_g Inner Diameter 0.6953 Crag Fkrcer
1174) Height 0.5399 Cralg Folandar
20740528
Driven Visusl Mo discrepancies ErinFiay Mayer
Stationany P 4050

Approved for public release; distribution unlimited.
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CRITICAL INSPECTION RECORD — PRE-TEST

TestArticle I/M: 6570-034

TestArticle S/M: 19366481

Item
Ham:e;' Inspection Record Mame and Date
Location
(N}
- Cralg Folandar
EE?:S?_E Inner Dismeter 0.6853 3;.?:;.5_;,3
1174} . Cralg Rolandar
) Height 0.5399 70525

* Drawing Limits on all bearng innerdiame

ters are (G852°- G857

Cwter Diameter 1.25605 S.E;En.-:ﬁf";q
Width 0.3752 i
Front Joumal OD 0.56042 Sl%f:ﬁfﬁ“
Rear Joumal 0D 0.6041 Sl{?f:ﬁf{q
Dirwven . )
el R Tl I Up— e
1135)
Cwter Diameter 1.2581 S.E;En.-:ﬁf";q
Width 0.3752 -y
Front Joumal OD 0.8941 Sl{?f:ﬁf{q
Rear Joumal 0D 0.6041 Sl{?f:ﬁf{q

* Drawing Limits

on all outer geardiameters are 1.255675"—1.25625"

* Drawing Limits

on all gear widths are . 3747"- 3753"

* Drawing Limits

on all jpumal outer diameters are 69375" - 60425

Seals

Approved for public release; distribution unlimited.
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CRITICAL INSPECTION RECORD - PRE-TEST

TestArticle I/M: 8570-034

TestArticle S/M: 15366451

Item
Ham_e;' Inspection Record Mame and Date
Location
(N}

Cartridge Seal Visual Mo discrepancies ErinRay Mayar
{3051-5051) 2140602
Trapezoidal Saal Wisual Mo discrepancies ErinRay Mayar
{3051-5052) 20140502

HPFRY
Slesve (5225- Visual Mo discrepancies ErinRay Mayar
1254) 2014-06-02
Fiston (5225 Visual Mo discrepancies ErinFay Mayar
1254) 2140602
Spring Saat Visusl Mo discrepancies ErinRay Mayar
(4100-1175) 140502
Housing
Pump Cover Visual Mo discrepancies ErinRay Mayar
(3550-1584) 2014-06-02
Pump Housing Visual Mo discrepancies ErinFay Mayar
(40341630} 2140602

Approved for public release; distribution unlimited.
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Post 400 hr Inspection Data

CRITICAL INSPECTION RECORD — POST-TEST 400 hrs

TestArticle I/M: 6570-034 TestArticle S/MN: 19366481

Itermm Name!
Location Inspection Record Mame and Date
(I'N}
Breakaway
B Jasan Lang
NIA Targue 2014-07-18

Packing

Ps Discharge ) . . ErinRay Mayar
(182748) Wisual Ma discrepancies 2012-07-21

Vapor Vent ) ) " ErinRay Mayar
(182650) Wisual Mo discrepancies 2010721
Owerboard
. . . . ErinRay Mayar
Drain Visual Mo discrepancies iy
(182650)
Cartridge o
Seal _ Visual Mo discrepancies :;jﬁjf_gf
(182574)

Drive Floating o
Bearing Visual Mo discrepancies Ry
(182625)

Drriven
Floating ) . . ErinRay Mayar
Bearing Wisual Mo discrepancies i
(182625)

HPRY ) . h ErinFay Mayar
(182748) Wisual Mo discrepancies 0ie0r-

19
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CRITICAL INSPECTION RECORD — POST-TEST 400 hrs

TestArticle I/N: 6870-034 TestArticle S/IN: 19366491
ltem Mame/
Location Inspection Record Name and Date
(I/N)
Springs
?;t,;gs 513;3;? izl Mo discrepancies E;;i.j:‘;!
23
‘12&?@"9 Vizu Mo discrepancies R
Baaringa/Gaars
E.::_";a"; ??tr.ﬂr?- fy— Fair polishing E;;i:l:‘-;!
1175) [ 0.6954 =il
— 0.3632 iy
:::.a;:"",‘;::a::,'ﬁ \ieug Fair polishing E;:ﬁi:l;‘-g;!
17} lnnr Clamaiar (.6854 :gﬁ EIIJ:'}EH
_— 0.3631 e Pl
:;_;;? %mﬁ,: Vil Fair polishing E;:ji:l:‘-g;!
1174 Inar Clamatar 0.6854 :g:ﬁ j:l:f}EE
—_— 0.5400 by
oo Sy | veus Fair polishing Ear
1174) Imer Ciamatar 0.6953 :g:ﬁj?:}zr
_— 0.5401 e Pl

“ Drawing Limits on 3l bearing inner dlamedars are G255 - G357

20
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CRITICAL INSPECTION RECORD - POST-TEST 400 hrs

TestArticle I/M: 6570-034 TestArticle S/M: 19366451
ltem Name/
Location Inspection Record Mame and Date
(VM)
N Wisual {(Including s -~ .
Drive Gear Minimal cavitation and light ErinFay Mayar
(1445.1135) | Journaland Face markings on journals 01e07-21
Finishes)
N Siava Disticn
Outer Diameter 1.28605 ez
: St=va Distich
Width 0.3752 eIz
Siava Diatich
FrontJournal OO0 0.8941 o
Sieve Clatrid
Rear Journal 0D 0.6940 i
Driven Gear Visual (Including Minimal cavitation and light Srinfay Mayar
1445.135) | Yournaland Face markings on journals E
( ! Finishes) g !
. Stava Ciatrich
Quter Diameter 1.2561 o
: Sieve Clatrid
Width 0.3752 2:11@:!?—23'1
Siava Disticn
FrontJournal OO0 0.8941 ez
Rear Journal OD 0.55841 ey
Gear Tooth Inspect all teeth; both faces, and
Profile per overiay front and back face inspection
Both Gears | Drawing (1445- | chersfor each tooth. o e
1135} Provide inspection records to
Instructions engineernng.

* Drawing Limits on all outer gear diameters are 1.26575" — 1.25625"

* Drawing Limits on all gear widths are 3747 - 3753

* Drawing Limits on all journal outer diameters are 89375" - 804257

Approved for public release; distribution unlimited.
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CRITICAL INSPECTION RECORD — POST-TEST 400 hrs

Test Article |FM: BET0-0E4 Test Article 5/N: 15366431
Item Mame/
Location Inspection Record Name and Date
{I/H)
Seals
Cartridge Saal Wisusl . . ErinFay Mayar
(3051-5051) Mo discrepancies 2014-07-21
Trapezoidal Seal Visual . . ErinRay Mayar
[3051-5052) Mo discrepancies 20724
HFRWV
Slesve (5225 Visual . . ErinRay Mayar
1254 = Mo discrepancies _zg:f-'-:l?kai
Fiston [5Z25- Wisual Organic deposit on several edges (new SrinRay Mayar
1254) HPRV) 27021
Sipring Seat Visual . . ErinRay Mayar
(4100-1179) Mo discrepancies 20ie07-21
Housing
Pump Cover Visual . . ErinRay Mayar
(3550-1584) Mo discrepancies 2010721
Pump Housing Visual The housing wipe extends the entire ErinRay Mayar
{4034-1630) inside diameter of each bore. 0721
22
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Appendix C
Test Log Sheets

Event Log
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EventLog

[=1]

Project Mumber. 130878

DTP Mumber. DTP-1827

Test Stand/Cell: 25a

Test Ardicle I'N: §870-034

Test Article S/M: 19365481

Date of

Test Segment/

Event Time Initials | Test Fl-ITtII:NE Run Event/Action
Time
2014/06/13 | 12:30 ThM Took fuel sample.
201470613 | 14:40 Ran steady state with clay fiter on for
0.30 min. Took fuelsample.
2014/06/17 | O7:25 ThM Installed test article in cell. Ran 2 mission
cycles and took fuel sample.
201470617 | 12:45 THIM Opened clay fitter for 0.10 min, ran 2
mission cycles and took fuel =ample.
2014/06/18 | 15:00 THIM 00H:00M Stared test, took fuelsample #1and a
sample to be saved until the report is
written.
2014/06/18 | 15:30 ThM 00H:30M Took fuel sample #2.
3 Acc Cycles
2014/06/18 | 19:30 JUWV O4H:30M Took fuel sample #3.
27 Acc Cycles
2014/06/18 | 23:30 TB OEH:30M Took fuel sample #4.
39 Acc Cycles
2014/06/19 | 02:30 TB 12H:30M Took fuel sample #5.
5T Acc Cycles
2014/06/19 | 05:40 THIM 14H:40M Testrunning good, transfemed data.
75 Acc Cycles
2014/06/19 [ OT:15 ThM 16H:156M Took fuel sample #5.
84 Acc Cycles
2014/06/18 | 13:15 ThM 22H:15m Checked test, unning good.
121 Acc Cycles
2014/06/19 | 19:36 JW 28H:36M Took fuel sample #7.

154 Acc Cycles

24
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EventLog

[47]
rJa
h

Test Segment’

Oate o | Time | Inifials | TestArticle Run EventiAction
went ]
Time
2014/06/20 | 06:31 TRIM 3GH22ZM Checked test, unning good. Transfermed
214 Acc Cycles dsta.
2014706720 | 07:31 THM 40H:32M Took fuel sample #8.
220 Acc Cycles
2014/06:20 | 10:40 THIM 43H3EM Ran clay fiter for 10 min, took fuel
237 Acc Cycles sample #3.
2014/06/20 | 20:15 JW 5aH:11M Took fuel sample #10.
289 Acc Cycles
2014/06721 | D6:30 ThM G3H34M Checked test and transferred data, Ran
354 Acc Cycles clay fitter for 0.3 min.
2014/06/21 | O7:35 ThM G4H:28M Took fuel sample #11.
360 Acc Cycles
2014/06/21 | 19:50 TB TEH:48M Took fuel sample #12.
417 Acc Cycles
2014/06/22 | 08:30 BW BEH:48M Took fuel sample #13.
482 Acc cycles
2014706722 | 19:08 KLKE 100H:02M Tookfuel sample #14.
540 Acc cycles
2014/06723 | D6:15 ThM T11H: 14M Checked test and transfermed data Took
604 Acc cycles fuelsample #15.
2014/06523 | 06:28 ThK 111H:29M Shut test down for post 600 eycle
o inspections. Took posttest fuel sample to
605 Acc Cycles be saved until the report is written.
2014/06:24 | 12:158 THIM Received and installed test article from
Paost 100 hrinspections. Opened clay
filter for & min and ran 2 cycles, took fuel
sample #14.
2014/06:24 | 15:35 THIM Opened clay fitter for 20 min, took fuel

sample #17.
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EventLog

i
[11]
it
]
h

Test Segment/

Qste o | Time | inifials | TestArticle Run EventAction
wvent ’
Time
2014/06:24 | 16:20 TRIM 111H:28M Stared second part of DTP-1827. Took
o pre test sample be saved until the report
605 Acc Cycles is written.
2014/06/25 | D6:20 ThM 126H:28M Checked test and transfermed data Took
681 Acc Cycles fuelsample #18.
2014/06/25 | 18:28 ThM 13TH:3TM Took fuel sample #15.
747 Acc Cycles
2014/06726 | D6:15 ThM 149H:16M Checked test and transfermed data Took
510 Acc Cydles fuelsample #20.
2014706726 | 18:17 JUW 161H:14M Tooksample # 21.
875 Acc Cycles
2014/06:27 | 05:30 THIM Opened clay fitter for 2 min.
2014706727 | D6:20 ThM 173H:23M Checked test and transfemed data Took
941 Acc Cycles fuelsample #22.
2014706727 | 15:08 ThM 182H:11M Shut test down because of loss of P1 and
o Pb pressures. Investigation reveled loss
383 Acc Cycles of boost pressure was caused by running
out of fuel in the sump; root cause was a
blown heat exchanger.
2014706727 Review of data shows thatammund 11:00
amthere was a loss of boost pressure.
2014707707 | 12:30 ThM 1TTH:23M Resetthe Run Time to (+4.0) and Acc
o Cycles to (#24) from the recorded log
985 fec Cycles taken at06:20 on 2014/06/27.
2014707708 | 06:20 THIM Filled sump and ran clay filter for 30 min.
Took fuel sample #23.
2014/07/09 | 0O5:05 ThM 1TTH:23M Restarted test.
865 Acc Cycles
2014/07/09 | 06:20 ThM 178H:33M Tookpre test sample be saved until the
972 Acc Cycles report is written and sample #24.
2014/07/09 | 10:45 ThM 182H:51M Took sample #25.

895 Acc Cycles
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Event Log

Test Segment/

EI’E‘“E °f | Time | Inifials | TestArticle Run EventiAction

vent .
Time

2014/07/09 | 14:25 T 186H:32M Took sample #26.
1015 Acc Cycles

2014/07/09 | 18:46 JW 190H:54M Tooksample #27.
1039 Acc Cycles

20140710 | 06:10 ThM 202H:22M Checked test and transfermed dats. Took
1101 Acc Cycles fuelsample #28.

2014707110 | 13:50 T 209H:55M Opened clay fitter for 3 min.
1142 Acc Cycles

2014/07/10 | 18:45 JW 214H:51M Tooksample #29.
1169 Acc Cycles

201407711 | 06:08 ThM 226H:20M Checked test and transfermad data Took
1230 Acc Cycles fuelsample #30.

2014007111 | 12:20 T 232H:3TM Opened clay fitter for & min.
12656 Acc Cycles

2014707711 | 18:51 JW 239H:04M Tooksample #31.
1300 Acc Cycles

2014/07M2 | 06:15 ThM 250H:027 Checked test and transfermed dats. Took
1362 Acc Cycles sample #32.

2014/07/112 | 18:45 BW 263H:01M Tooksample #33.
1430 Acc Cycles

2014/07/13 | 06:35 MM 2T74H:45M Tooksample #34.
1494 Acc Cycles

2014707713 | 18:30 KLK 286H:40M Took sample #35.
1556 Acc Cycles

2014707714 | 06:10 T 298H:22M Checked test and transfemed data. Took
1622 Acc Cycles sample #36.

2014707114 | 18:45 JW 310H:56M Tooksample #37.
1690 Acc Cycles

27
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Event Log

£n

[=1]

Date of

Test Segment’

Event Time Initials | Test Fl-ITtII:ﬂE Run Event/Action
Time
2014/07/15 | 06:15 ThIM 322H:39M Checked test and transfermed dats. Took
1753 Acc Cyclas sample #38.
2014/07M15 | 09:45 ThM J25H:50M Opened clay filtter for & min.
1771 Acc Cycles
2014/07/15 | 19:15 JW I34HEIM Took sample #39.
1820 Acc Cycles
201470716 | 06:15 THIM 346H:2TM Checked test and transfermed dats. Took
1883 Act Cycles sample #40.
2014/07/16 | 18:45 JW 35EH:51TM Took sample #41.
1950 Acc Cycles
201470717 | 0625 THIM 3TOH:34M Checked test and transfermed dats. Took
2014 Acc Cycles sample #42.
201470717 | 11:00 ThM ATEH:34M Opened clay filtter for 3 min.
2039 Acc Cycles
201470717 | 18:43 JW IE2H4EM Took sample #43.
2080 Acc Cycles
2014/07/18 | D6:12 ThM J84H21TM Checked test and transfarmad data. Took
2143 Acc Cycles sample #44.
2014/07/18 | 13:00 ThM 401H:M14M Completed 400 hr low lube test. Took
o sample #45 and a sample to be saved
2180 Acc Cycles until the report is written.
28
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Equipment List

WOODWARD, Inc.
Rockford, Minols

DTP-1827
Page 19
CAGE 66503 Rev, NEW
Table 4 - Equipment List
Test Stand/Cell: 25 Recordad By: Tﬂ_bCﬂF,THJ Datﬂ:;ﬂrq_% -l
Tast Articla I/M: & 970 034 o Tast Article S/M: /G BLEHG
Model Serial Calibration | Equip Used for:
Test Hard
Qty est Rardware Number | Number | Due Date | (DTP Para#)
Faw
I p-sos PPTIR SUBLTY | F-30- )¢ |TRBIE 2
) [
¢ o-is00 PPTA 35YHB 1y oo py TReLE >
) Tﬁ-ﬂ-?ﬂf O =0 ﬂk—?uﬁf powl
| @00 fimmaI AeE mETER |7 G55ov |dsyeier | £-3i8 Tisra 2
“fo el roE — 5o Fobges Mpl
I | @ -dve fimewTiclr pefEt | TESSW | gaiinier| Bosiets ivgee 2 |

29
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Test Checklist

WOODWARD, Inc, DTP-1827
Rockford, lllinois Page 28
CAGE 68503 Rev. A
APPENDIX B — Low Lube Checklist
LOW LUBE OPERATIONAL TEST CHECKLIST
MNo. | Responsible | Signature | Date Phase
1 Preparation Phase
ﬂ{l 2o Review EM 45.1.1 Engineering Checklist for
1.1 Engr. .
S 4 &1 Planning SOT
gha P Rery Review EM 45.1.3 50T Guidalines
1.2 Engr. / Lab. o J’:} T ik vi .
2 Assembly and Calibration 100 Hr Phase
21 Lab. %/ f;g‘f = Has pump been tested per COM-8527
5{ zerd | Are all eritical inspections and photos completed
2.2 Lab. \ o L
5 , and engineering informed of any anomalies?
2.3 Lab. JourmC Lo % Check breakaway torque on pump.
o4 E # 2y Has engineering revlewed critical inspaction
' ngr- j;_,‘,.a &6-67 record and any hardware anomalias?
W77 00 P-571
2.5 Lab. p :?} o 17 Is paperwork complete per OP-5717
2.6 Engr. 4‘?—-# 7204, | Has ATP data been reviewed by enginesring?
27 E # Zﬁ":" Has purmip COM and other applicable test data
: nar- St &0l been reviewed by engineering?
ME e Has production test stand been calibrated and
2.8 Lab, -0 | tagged to prevent tampering until Low Lube s
completed?
. Low. Lubricity Fuel Endurance Test
100 Hr Phase
3.1 Lab s A Al‘-‘:‘f ls correct test fual in sump tank, including
: : gislng) B 7) additives If required?
30
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WOODWARD, Inc.

DTP-1827

Rockford, llinois Page 20
CAGE 66503 Rev. A
LOW LUBE OPERATIONAL TEST CHECKLIST

No. | Responsible | Signature | Date Phase
32 Lab ﬂmﬂ M | et Have arrangements been made for low lubricity
' ' Pt Cusi? | Ob -1 {BOCLE) checks?
13 Engr. / Lab. ;Euv My 1074 Has frequency of fugl samples and_ BOCLE
a;u,,{u? ow=~l# checks been agreed upon with enginesring?
Fhe M| 9,4e | I8testhardware installed as spacifisd in the test
3.4 Lab. oy pr otr i¥ plan?
;W Ey Has Environmental Test Sel-up Checklist
a5 Lab. ae1f (F25964) been completed (F27760 for outside
ko] ou-18 tests houses)?
a6 Lab oo gérft Has functional or operational hardware (slave
' : oty Cenf! ob~! unit) been used to check oul tast sat-up?
i Has test set-up been checked for proper
e oy i
3.7 Lab. ) il plumbing, pressure taps, laaks, flow meter
P b ' operation, etc?
3.8 Lab. 1;‘2’& 3 :&"’i‘?’i y Is equipment list completad?
3.9 Lab. "H;;;; ] ;E‘: 3| Has test-cell instrumentation been calibrated?
N ZetY | Is test hardware installed as specified in the test
3.10 Engr. # i"f} o Clan?
311 Enar 4{ S,U 2oty |s test cycle program set-up as defined in the
’ or. ot -1 test plan?
‘J.ﬂ-v"- 4 v Have time clocks on eguipment been
312 Lab C—»Q ::;-:.rr".lf' synchronized {i.e. data recorder, cycle
’ ’ Lad "| computer, ete.) and does nomenclature (Ps, Tin,
* elc) match the DTP?
313 Engr. - 3—"“# . Have interocks been reviewsad?
&% f"'"“,'} ;:;,v;'f "| Hasa coﬁéiaﬁon check against ATP data baen
3.14 | Engr./Lab. ? i’a 1§ completed using the test article?
315 Lah, %’ﬂf ! gilﬁ' Has pra-test fuel sample been taken?

Foater Notes
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WOODWARD, Inc.

DTP-1827

Rockford, lllinois Page 30
CAGE 66503 Rev. A
LOW LUBE OPERATIONAL TEST CHECKLIST

No. | Responsible | Signature | Date Phase
D= " Ara all set-up photographs with the unit installed
3.18 Lab, ", ; “;"1' " completed? Photos should be adequate to
. allow the test set-up o be reconstructed?
3.7 Lab, ﬂ-ﬁ:»‘ﬁ ?:;:.z? -Has post-test fual sample been taken?
3.18 E g 2o Has endurance data, event log, and photos
) ngr. . M-24 been reviewed by engineering?
3.19 Lab. % ::;': ri. 3 Has post-test ATP been complated?
3.20 Engr 4 | 2 Has post-tast ATP data been reviewed by
. g s ) o
. 5_,_,'1 o624 ‘ engineering?
3.91 Lab./ Engr %[ ZoM Has the pump been disassembled, inspacted
' ’ ’ § ' ol -2y and photos taken?
- Eﬁ"" Have all crilical inspections been completed as
3.22 Lab. ! Engr. ol-24 applicable and photos been obtained (if
. applicable as decided by enginearing)?
7ot |- Enginesring reviewed and approved
3.23 Lab./Engr. ‘;é . o34 ‘redassembled ATF data {il applicable)?
4 Disassembly and Inspection 100 Hr Phase
¥
4.1 Lab. 2 lep| 5o olf Is COM 852 complete?
4.2 Engr. ﬂ?-; . i‘j’gq Has ATP data been reviewed by engineering?
43 E .&fpl: t Zotd Has COM data and other testing data been
’ ngr. M b4 raviewed by engineering?
4.4 Engr. / Lab. 19‘;‘ . :}:f‘iq Are special testsiinvestigations completa?
7ot Hawe all.critical inspections and photos been
45 | Lab./Engr. ‘%L .
S .-:. oL-2d obtained?
4.6 £ 5’3 Fod Have inspection results, event log, and pholos
' nar j._ﬁ ob =74 been reviewed by engineering?
Footer Notes
32
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WOODWARD, Inc.

DTP-1827

Rockford, Nlinois Page 31
CAGE 66503 Rev. A
LOW LUBE OPERATIOMAL TEST CHECKLIST

Mo. Responsible | Signature | Date Phase
5 Assembly and Calibration - 300 Hr Phase
5.1 Lah. 7 P w ﬁ;’fz " Has pump been tested per COM-8527
P 2ot ¥ | Ara all critical inspections and photes completed
5.2 Lab. .-#I:.q:’
2 # ?¢-F{ and anginearing informed of any anomaliss?
IJ‘J"‘! Aol ¥
. X k )
5.3 Lak 7"’,""‘1'"9 o6 ~ZH Check breakaway torque on pump.
5.4 Enar 4— Ferd Has engineering reviewead critical inspection
' ar. }_‘1 2624 record and any hardware anomalies?
L] 2]
5.5 Lak. #7- g {,.’;;- ;:‘-b._‘;j}" |s paperwork complete per OP-5717
a1y . N
5.6 Engr. ; . ob -4 Has ATP data been reviewad by engineering?
? 4 | H COM and other applicable test dat
5.7 Engr. p%(‘ ' Zort as pump and other applicable tsst data
f.--ﬂ o1 bean reviewad by angineering?
ol ol Has production test stand been calibrated and
5.8 Lab. vﬁ-?ﬂ-—“’;? :::IPI#-" tagoed to pravent tampering until Low Lube s
1 completad?
6 Low Lubricity Fuel Endurance Test
300 Hr Phase
6.1 Lab Llora 7 3 onp Is correct test fuel In sump tank, including
’ ' oz RO additives if required?
6.2 Lab A 1 20t ¥ | Have arrangements been made for low lubricity
) ' paley |ov-2T (BOCLE) checks?
63 Enar. / Lab # FLL Has frequency of fuel samples and BOCLE
’ gr. ) 5:_;3 2-24 | checks been agreed upon with engineering?

(Some information was removed due to proprietary content)
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Appendix D

Setup Photographs
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(on left)

Test Unit in Test Block on Drive Pad.

Fuel Filter

Flow Meter
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Heat exchanger and boost pump

Pressure control valve and burst disk
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Appendix E

Low Lubricity Data

37
Approved for public release; distribution unlimited.



Table 5 - Lubricity Test Results

Accred

Accred

Sample Date Time Cycles Hours Lubricity

1 18-June- 1500 0 0 0.97
2014

2 18-June- 1530 3 5
2014

3 18-June- 1930 27 4.5 0.90
2014

4 18-June- 2330 39 8.5
2014

5 19-June- 0230 57 12.5
2014

6 19-June- | 0715 84 16.25 0.96
2014

7 19-June- 1936 154 29.6
2014

8 20-June- 0731 220 39.37 0.85
2014

9 20-June- 1040 237 43.63 0.92
2014

10 20-June- 2015 289 53.18
2014

11 21-June- 0735 350 65.48 0.96
2014

12 21-June- 1950 417 76.8
2014

13 22-June- | 0830 482 88.82 0.95
2014

14 22-June- 1908 540 100.03
2014

15 23-June- | 0628 604 111.23 0.95
2014

16 24-June- 1215 605 111.48 0.81
2014

17 24-June- 1535 605 111.48 0.94
2014

18 25-June- | 0620 681 125.47 0.91
2014

19 25-June- 1828 47 137.62
2014

20 26-June- 0615 810 149.27 0.91
2014

21 26-June- 1817 875 161.23
2014

22 27-June- | 0620 941 173.38 0.96
2014

23 8-July- 0620 965 177.38 0.96
2014

24 9-July- 0620 972 178.55 0.95
2014

25 9-July- 1045 995 182.85
2014

26 9-July- 1425 1015 186.53 0.92
2014
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27 9-July- 1846 1039 190.9 ---
2014

28 10-July- 0610 1101 202.37 0.90
2014

29 10-July- 1845 1169 214.85 ---
2014

30 11-July- 0605 1230 226.33 0.90
2014

31 11-July- 1851 1300 239.07 ---
2014

32 12-July- 0615 1362 250.45 0.93
2014

33 12-July- 1845 1430 263.02 ---
2014

34 13-July- 0635 1494 274.75 0.92
2014

35 13-July- 1830 1556 286.67 ---
2014

36 14-July- 0610 1622 298.37 0.92
2014

37 14-July- 1845 1690 310.93 ---
2014

38 15-July- 0615 1753 322.65 0.90
2014

39 15-July- 1915 1820 334.88 ---
2014

40 16-July- 0615 1883 346.45 0.95
2014

41 16-July- 1845 1950 358.85 ---
2014

42 17-July- 0625 2014 370.57 0.94
2014

43 17-July- 1843 2080 382.8 ---
2014

44 18-July- 0612 2143 394.35 0.91
2014

45 18-July- 1300 2180 401.23 0.92
2014
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Appendix F

Pre and Post Test Inspection Photos
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All-Inclusive View of CT7/T700
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Pre Test | Post Test | Notes

Image 1: Floating Bearings

Floating bearings show
fair polishing after 400
hrs.

Floating bearings show
no significant clipping.

Image 2: Stationary Bearings
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Pre Test

Post Test

Notes

Stationary bearings
show fair polishing
after 400 hrs.

Stationary bearings
show no significant

clipping.
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Post Test

Notes

Stationary bearing faces

Pre Test

show fair polishing
after 400 hrs.

Image 3: Gear Set

Idler gear shows typical
wear and cavitation
with polished gear teeth
on working side.
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Pre Test

Post Test

45
Approved for public release; distribution unlimited.

Notes

Driven gear shows
typical wear and
cavitation. Gear teeth
polished on working
side.




Pre Test

Post Test

Notes

Image 4: Housing Bores

Housing inlet: bore is
wiped completely
around the inside
diameter of both the
driven and idler gear
bore.
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Pre Test Post Test Notes

Housing drive bearing
bore.

Housing driven bearing
bore.
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Pre Test Post Test Notes

Housing discharge
bore.

Image 5: HPRV

HPRYV shows no signs
of significant wear.
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Pre Test

Post Test

Notes

Several edges show
signs of a deposited
organic substance.

Post performance of
HPRV showed no
significant issues.

Close up view of the
deposit.
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Appendix G

Intermediate Checks
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Post 100-hr COM-852, CCP Acceptance Test

WOODWAED GOVERNOR COMPANY COM-852
ROCKFORD, IL ECL: D
CAGE 66502 PAGE : 1 0F 1

Desc: OOM - CCP RCCEPTRNCE TEST PROCEDURE
Date: 22-JUL-2014
IMTPC - TEST SPECIFICATION RECULTS PRINT REPORT

Serial No: 19366491 Run No: 3 Work Order: 1799810 Item No: 6970-034
Current Status: A Run Status: P Test Type: AR Test Date: Z3-JUN-2014
Pass
Test Point Record Units Formula Tag Min Value Max Fail
1.0 Total Flow Rate Check
1.1 Record Qtotal

2.0 HPRV Total Flow Bypass {P=-Fbl) paid o0 972 1070 =
3.0 HPRV Reseating Check

3.1 Record (total Qtotal gpm 4.19 (Calc) 4.38 4.71 (Calc) b=l
4.0 Total Flow Rate Check

4.1 Record Qtotal Qtotal gpm QTOT_2 B.50 10.27 B
5.0 HPRV MNear Cracking Pressure Check

5.1 Record Qtotal Qtotal gpm .75 (Calc) 10.14 10.79 (Calc) =
&.0 HPEV Total Flow Bypass {Ps-Fbl) paid 00 969 1120 =

T.0 HPRV Reseating Check

7.1 Record (total Qtotal gpm 10.01 (Calc) 10.26 10.53 (Calc) b=l
8.0 Starting Flow Rate Check

B.1 Record Qtotal Qtotal gpm 0.85 1.07 1.50 =
9.0 Max Flow Check

9.1 Record Qtotal Qtotal gpm B.03 9._48 =
10.0 Leakage Check

10.1 Record External Leakage Ext Leakage dropa/min 0.0 0.0 0.0 =

10.2 Record OBD Leakage OBD Leakage dropa/min 0.0 0.0 n.o =

11.0 Breakaway Torgue Check Tg 1b_in & 15 =

The following criteria were used to run this report:

Eerial No: 19366451
Fun Number: 3
Status: A

Run Type: AR
Order By: 1

EEERERURSUERREUEE UGN

* End of IMIPC b

R REE U T RR TGN
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Post-177 hr COM-852, CCP Acceptance Test

WOOLDWARD GOVERNOR COMPANY COM-852
ROCKFORD, IL ECL: D
CACE 66503 PRGE : 1 0F 1

Desc: OOM - CCP ACCEPTANCE TEST PROCEDURE
Date: 22-JUL-2014
IMTPC - TEST SPECIFICATION RESULTS PRINT REPORT

Serial No: 19366491 Run No: & Work Order: 1B9E5175 Item No: 6970-034
Currant Status: A Run Etatus: F Test Typs: AR Test Date: 30-JUN-2014

Pasa
Test Point Record Units Formula Tag Min Value Max Fail

1.0 Total Flow Rate Check

1.1 Record Qtotal Qtotal gpm QTOT 1 3.76 4.09 6.00 B
2.0 HPEV Total Flow Bypass {Ps-Fbl) peid 00 1200 1070 FRIL
3.0 HPREV Reseating Check

3.1 Record Qtotal Qtotal gpm 3.B2 (Calec) 4.05 4.35 (Calc) b=l
4.0 Total Flow Rate Check

4.1 Record Qtotal Qtotal gpm QTOT_2 B.50 9.B8 B
.0 HPEV Near Cracking Pressure Check

c.1 Record Qtotal Qtotal gpm 9.3& {Calec) 9.78 10.40 (Calc) =

7.0 HPEV Reseating Check

7.1 Record Qtotal Qtotal gpm 9.62 (Calc) 9.92 10.14 (Calc) =
8.0 Etarting Flow Rate Check

B.1 Record Qtotal Qtotal gpm 0.85 0.93 1.50 B
9.0 Max Flow Check

a.1 Record Qtotal Qtotal gpm B.03 9.15 B
10.0 Leakage Check

10.1 Record External Leakage Ext Leakage drops/min 0.0 0.0 0.0 B

10.2 Record OBD Leakage OBD Leakage dropa/min 0.0 0.0 0.0 B

The following criteria were used to run this report:

Eerial No: 19366491
Run Number: 5
Status: A

Run Type: AR
Order By: 1

AR A A ER AR EEAUN

* End of IMTPC *

EEERERFRUERRTREEEN
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Post-100 hr Inspection Data

CRITICAL INSPECTION RECORD — POST-TEST 100 hrs

TestArticle I/M: 8570-034 TestArticle S/M: 19366481

ltern Name!
Location Inspection Record Mame and Date
('N)
Breakaway
& Jazan Lang
i Torque 20140523

Packing

Ps Discharge ) . . ErinRay Mayar
(182748) Wisual Mo discrepancies 0523

Vapor Vent ) . ) ErinRay Mayar
(182650) Wisual Ma discrepancies HHE0525
Owerboard
. . . . ErinFay Mayar
Drain _ Visual Mo discrepancies by
(182650)
Cartridge o
Seal Visual Mo discrepancies S
(182574)

Drive Floating o
Eearing_ Visual Mo discrepancies T e
(182625)

Driven
Floating ) ) : ErinRay Mayar
Bearing Visual Mo discrepancies roeoh
(182625)

HPFRV ) . h ErinRay Mayar
(182748) Wisual Mo discrepancies & 0538
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CRITICAL INSPECTION RECORD - POST-TEST 100 hrs

TestArticle I/M: 6570-034 TestArticle S/M: 19366451
[term Name/
Location Inspection Record Mame and Date
(LIM)
Springs
:s‘f %EZE‘\E isual Mo discrepancies E;;f:}:gf
—1::;:::&? Visud Mo discrepancies T e
BaaringaiGaars
e N s Light polishing ey
1173} e Diama 0.6954 e
Hesgr 0.3632 =il
:';:.;f]-g: ::a::l':g Visla Light polishing E;;’f_,};‘_i:'ga'
1179) e Diamater 0.6954 e
Hasgr 0.363 R
T %mﬁ': iz Light pelishing Sy Me
1174) Inar Ciamstar 06054 =
resgm 0.5400 =l
3;;%";‘311'2{5 Wisual Light polishing 5;;{__};‘_1;’3"—"
174 Inar Ciamstar 0.6853 e
Hasgr 0.5401 R

* Drawing Limdls on 3l bearing Inner dlamadars are G35 - G357
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CRITICAL INSPECTION RECORD - POST-TEST 100 hrs

TestArdicle /M; 6970-034 TestArdicle S/N; 15366451
Iltem Name/
Location Inspection Record Name and Date
(M)
. Visual {Including
Drive Gear - _— ErinRay Mayar
(1445-1135) Jaurr!al_ and l_:an:e Minimal cavitation 140623
Finishes)
] Siava Diairich
Outer Diameter 1.266805 140624
: Siava Diatrich
Width 0.3752 et
Siava Diatrich
FrontJournal QD 0.6241 Me0534
Siava Claind
Rear Journal OO 0.6940 iy
. Visual {Including
DOriven Gear . - ErnRay Mayar
. | Journal and Face Minimal cavitation By Mays
HHE-05-23
(1445-1135) Finishes) -
: Siava Diatrich
Quter Diameter 1.2881 Me0534
i Siava Claind
Width 0.3752 331@}5-::1
Siava Diairich
FrontJournal OD 0.6041 140624
Rear Journal QD 05541 m;‘fj}fzfq
Gear Tooth Inspect sll teeth; both faces, and
Profile per overlay front and back face inspection
Both Gears Drawing (1445 charts for each tooth. 5;;'::}:;?
1135} Provide inspection records to
Instructions engineernng.

* Drawing Limits on all outer gear diameters are 1.25575" — 1.26625"

* Drawing Limits on all gear widths are 3747 - 3753

* Drawing Limits on all journal outer diameters are 80375" - 804257

Approved for public release; distribution unlimited.
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CRITICAL INSPECTION RECORD - POST-TEST 100 hrs

Test Article I/N: 6570-034

Test Article 5/N: 15366451

Item Name/
Location Inspection Record Mame and Date
(1IN}
Seals
Cartridge Saal Visual . . ErinRay Mayar
(3051-5051) Mo discrepancies 20140523
Trapezoidal Sesl Wisusl . . ErinRay Mayar
(3051-5052) Mo discrepancies a5
HPRV
Slesve (5225- Visusl ) . Erinfay Moy
1254, - Mo discrepancies e
Fiston (5225- WVisual ) . SrinRay Mayer
1964) Mo discrepancies R
£
Spring Seat Wisusl . . ErinRay Mayar
(4100-1175) Mo discrepancies a5
Housing
Pump Cowver Visual . . ErinRay Mayar
(25501584 Mo discrepanciss 20140523
Pump Housing Visual The housing wipe extends the entire Erinfay Mayar
(4034-1630) 201406523

inside diameter of each bore.

Approved for public release; distribution unlimited.
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Post-177 hr Inspection Data

APPENDIX A — Critical Inspection Record — POST 177 hrs

TestArticle I/M: 8870-034

TestArticle S/M: 19388491

ltem Name/
Location Inspection Record MName and Date
(N}
Breakaway 8.5 (Running torque is &) asan Lang
i Torque ’ ) 2014-06-30
Packing
Ps SrimRay Mayar
Dlscharge Visual Mo discrepancies Tameosa
(182748)
Vapor Went ) Mo discrepancies ErinRay Mayar
(182650) Visual 1063
Overboard Mo discrepancies ErinFay May
Drain Visual P R
(182650)
Cartridge
) Mo discrepancies Erinfay Mayar
Seal _ Visual P z';?f#}s-}j
(182574)
Drive
Floating ) Mo discrepancies Erinfay Mayar
Bearing Wisual 2014-05-30
(182625)
Driven
Floating ) Mo discrepancies Erinfay Mayar
Bearing Wisual 201405-30
(182625)
HPRV ) Mo discrepancies Erinfay Mayar
(182748) Visual 2010530
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CRITICAL INSPECTION RECORD — POST 177 hrs

TestArticle I/M: 6570-034

TestArticle S/MN: 19366481

Item
L :Eﬁ;’n Inspection Record Mame and Date
(I'N)
Springs
Floating
Bearing . .
) ) Mo discrepancies Erinfay Mayar
Springs Wisual P 2014-05-30
[1520-
1423)
HPRV No di . o
spring Visual o discrepancies :3';'.?33}5.“;'5!
(1524-545)
Bearings/Gears
Drive Visual Fair polishing Erinfiay Mayar
Floating M0
Bearing ] ~ralg Rolandar
(1401 Inner Diameter 0.5954 o Bl
1175)
' Height 0.3633 Cralg Rolandar
24070
Driven Visual Fair polishing SinRay Mayar
Floating 053
Eﬁir[;;'_g Inner Diameter 0.6954 Cralg Rokander
1178) ) =
/ oral oiandar
Height 0.3631 ;\:H::l?-:u ;
Drive Visual Fair polishing SrinRay Mayar
Stationary 2014-05-30
Bearing . ~raig Folandar
(1401- Inner Diameter 0.5854 Bl
1174) Height 0.5400 Craig Rotandsr
201440701
Dirven Visual Fair polishin ErinRay Mayar
Stationary P g HNe-05-30
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CRITICAL INSPECTION

RECORD — POST 177 hrs

TestArticle I/M: 6570-034

TestArticle S/MN: 19356431

Item
L::garl't‘lif:n Inspection Record Name and Date
(N}

Bean _ CTag oA
[?:;?_ﬂ Inner Diametar 0.6054 eI
1174) . Cralg Raiandar

! Height 0.5401 ;\:u?c::l?-:n
*Drawing Limits on sll bearing innerdiameters are §952°- 6357
D’[’:'iﬂe_ar Visual {Including Joumal Minimal cavitation and light Erinfiay Mayar
11250 and Face Finishes) markings on journals AMEDEH
- - Stava Cialrich
Cuter Diametear 1.26606 2014071
. Sleva Disrich
Width 0.3752 20120701
- Sleva Disrich
Front Joumal OD 0.6841 120701
- Siava Dhatrich
Rear Joumal OD 0.6840 2012071
Driven . _— .
Gear Visual {Including Joumal Minimal cavitation and light SrinRay Mayar

(1445 and Face Finishes) markings on journals -0

1135)
- - Stava Cialrich
Cuter Diametear 1.2681 2014071
. Stave Diatrich
Width 0.3752 2140701
- Siava Dhatrich
Front Joumal OD 0.6941 2012071
Rear Joumal OD 0.6841 SE;E::IT-:E;E'I

* Drawing Limits

on all outer geardiameters are 1.26675"—1.25625"

* Drawing Limits

on all gear widths are 37477- 3753

* Drawing Limits

on all jpumal outerdiameters are 59375"- 69425

Seals

Approved for public release; distribution unlimited.
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CRITICAL INSPECTION RECORD —POST 177 hrs

TestArticle I/MN: 6570-034

TestArticle S/M: 19366481

Item
Ham_e;' Inspection Record Mame and Date
Location
(N}

Cartridge Saal Viswal Mo discrepancies ErinRay Mayar
{3051-5051) 2012-06-30
Trapezoidal S=al Visual Mo discrepancies ErnRay Mayar
(3051-5052) 2014-05-30

HPRY
Slesve (5225- Visual Mo discrepancies ErinRay Mayar
1254) 2014-05-30
Piston (5225 izl Organic deposit on several Sy M
1254) edges T a01e05-30
Spring Seat Viswsl Mo discrepancies ErinRay Mayar
(4100-1175) 2140530
Housing
Pump Cover Wisual Mo discrepancies ErinRay Mayar
[3550-1584) 2014-05-30
Fump Housing Visual The housing wipe extends the
. i L . ErinRay Mayar
(4034-162D) entire inside diameter of each e g

bore.

Approved for public release; distribution unlimited.
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Post-100 hrs | Post-177 hrs

Notes

Image 1: Floating Bearings

Floating bearings
show light
polishing after
100 hours and
fair polishing
after 177.
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Post-100 hrs | Post-177 hrs

Notes

Image 2: Stationary Bearings

Stationary
bearing faces
show light
polishing after
100 hours and
fair polishing
after 177 hrs.
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Notes

Post-100 hrs

| Post-177 hrs

Image 3: Gear Set

Idler gear: shows
typical wear and
cavitation.

: .J‘is...;'j

Drive gear:
shows typical
wear and
cavitation.
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Post-100 hrs

Post-177 hrs

Notes

Image 4: Housing

Housing inlet:
gear wipe extends
the entire inner
diameter of each
bore.

Housing
discharge
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Appendix H

Figures

Test Schematic
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Figure 1

Burst Disk
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Test Mounting Orientation

Figure 2
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APPENDIX |

Mission Cycle
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Test Cycle per Table 3; % Speed vs. Time

Percent Speed vs. Time
100
90
80
70
60
[G)
2 50
N
40 % Speed
30
20
10
0
0 100 200 300 400 500 600 700
Time (sec)
Test Cycle per Table 3; Fuel Flow vs. Time
Total Fuel Flow vs. Time
9
8
7
_6
3
&5
=
24
& = Qtotal
d3
2
1
0
0 100 200 300 400 500 600 700
Time (sec)
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Test Cycle per Table 3; Discharge Pressure vs. Time

Ps (psig)

1000

900
800
700
600
500
400
300
200
100

Outlet Pressure vs. Time

— P g

0 100 200 300 400 500 600 700

Time (sec)
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List of Symbols, Abbreviations, and Acronyms

Symbols, Abbreviations, Acronyms Description
AFRL Air Force Research Laboratory
CCP Commercial Cartridge Pump
DTIC Defense Technical Information Center
PAO Public Affairs Office
R&D Research and Development
RQ Aerospace Systems Directorate
RQT Turbine Engine Division
RQTF Fuels & Energy Branch
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