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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-2175 NEW, herein referred to as DTP-2175, using renewable R-8 HEFA fuel
(POSF 7635), at a BOCLE between 0.85 and 1.00 mm wear scar. This testing accumulated an
additional 600 hours of low lubricity endurance testing on a unit, which had previously run for
400 hours of low lubricity endurance testing (as reported in AFRL-RQ-WP-TR-2014-0243).
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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 1 C. The CCP in the tested
mounting orientation is displayed in Appendix 10, Figure 2.

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

1) Item Name: CT7/T700 Commercial Cartridge Pump
2) Item Number: 6970-034
3) 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 running time of less than 10 minutes shall not be credited to the total test time regardless of
wear scar diameter range. 50 minute cycles will be followed by 5 minute shutdown periods for a
targeted total time of at least 600 hours within the wear scar diameter range. The allotted target
period is split into a 100 hour cycle and then a 500 hour cycle. 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* May 6, 2014 May 6, 2014
Pre-Test Inspection June 9, 2017 June 12,2017
Pre 100 hr. Test ATP/Characterization June 13, 2017 June 13, 2017
100 hr. Low Lubricity Endurance Test June 29, 2017 July 5, 2017
Ilj:rStC 1(())1(3/I }_1525 "gest Performance Check July 5,2017 July 5,2017
Post 100 hr. Disassembly/Inspection July 6, 2017 July 6, 2017
Assembly July 7, 2017 July 7, 2017
Pre 500 hr. Test ATP/Characterization July 7, 2017 July 7, 2017
500 hr. Low Lubricity Endurance Test July 12, 2017 August 4, 2017
Post 500 hr. Test ATP/Characterization August 10, 2017 August 10, 2017
Disassembly/Inspection August 11,2017 August 14, 2017

*Not required for this test sequence. Run-in was performed prior to initial 400 hour test segment.
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2.2.3 Success Criteria
The success criteria for all portions of the test are the following:

e No significant performance deviation during testing that would result in significant loss
of power or ability to control the engine.

e Post-Test performance checks during the Low Lube Test shall reveal no performance
degradation inconsistent with further reliable operations. Service limits pertain to
overboard drain leakage only and are defined as 4 drops per minute maximum.

e Pre-test and Post-test completion of COM-852 shall reveal no degradation inconsistent
with further reliable operation.

e Disassembly inspection reveals no hardware degradation inconsistent with further
reliable operation as noted in Appendix A.

2.3 Test Parameters
2.3.1 Test Procedure

Bio Fuel Low Lubricity Endurance testing was performed per DTP-2175 (see Appendix 1). The
test was performed at Woodward Aircraft Turbine Systems Environmental Test Facility (ETF) in
Rockford, Illinois. Following the testing, the unit was post acceptance tested, then inspected in
accordance with DTP-2175.

The mission cycle for the endurance testing is shown in Appendix 11. Continuous data recording
was performed per DTP-2175 Section 8.6. Steady-state data recording was performed per DTP-
2175 Section 8.5.

The test fluid was renewable R-8 HEFA fuel (POSF 7635) 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-2175. 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 5). An equipment list and event log were
generated and are provided in Appendix 5 and Appendix 6. After reassembly, the pump was
tested per COM-852. The pre and post-test pump performance data is included in Appendix 3.
Post inspection reports and photos are included in Appendix 8.

The Low Lube test sequence was per DTP-2175. The general sequence and dates of testing
performed are shown in Table 1.

2.3.2 Test Procedure Deviations

Prior to the start of the endurance test, the 150 HP drive motor (cell hardware) was damaged and
replaced.

At approx. 293 hours into the endurance test, a storm knocked out power to the building. The test
was shut down while power was out and was restarted 8 hours later when power was restored.
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At approx. 342 hours into the test, the test shut down due to no cell boost pressure. Investigation
revealed that the boost pump in the test setup had seized. The boost pump was fixed, and test

restarted two days later.

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 0.52 mm wear
scar diameter (WSD). The test fuel was subsequently conditioned using a clay filter that resulted
in a pre-test fuel sample with a WSD of 0.96.

Average lubricity (WSD) during the 400 hour test was 0.969 mm with a minimum of 0.91 and a
maximum of 1.01 mm. Fuel lubricity test results are shown in Appendix 7, Table 5.

2.4.2 Pre-Test ATP

Prior to testing, piece part critical inspections were completed per Appendix A of DTP-2175.
The inspection record sheets are shown in Appendix 4. The Test Article was assembled per the

applicable assembly pro

cedure.

The Test Article was performance tested per COM-852 and values were all within specified
limits of 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 copy of the data

sheet is included in App

endix 3.

2.4.3 Post Test Inspections

The Test Article was performance tested per COM-852 both before and after the 600 hours of
low lubricity testing. The values were all within the specified limits of COM-852. The post-test
performance data is in Appendix 3. A comparison of the pretest ATP data to the posttest ATP
data is shown in Table 2.

Table 2. Performance Summary (COM-852 Data)

Pre/Post eCOM-852 Data Summary

DTP-2175 Bio Fuel Low Lubricity Endurance Test

Pump I/N |6970-034

Pump 5/N [19366491

DISTRIBUTION STATEMENT A: Approved for public release. Distribution is unlimited.

Test Point Description Limits Units  |Post 400 hr|Pre 100 hr | Post 100 hr| Pre 500 hr |Post 500 hrs| Pre 100 hr to Post 500 hr %
1.1 Total Flow, Intermediate Speed 3.76-6 gpm 4,18 4,21 4,21 4,22 4.16 -0.05 -1.20%
2 HPRV Max Pressure, Int. Speed 900-1070 psid 1024 1048 1052 998 995.17 -52.83 -5.16%
3.1 HPRV Reseat Flow 3.5-6.26 gpm 4.15 4,19 4,19 4,15 4,15 -0.04 -0.96%
4.1 T/0 Total Flow 8.5-11 gpm 10.05 10.1 10.1 10.05 10.06 -0.04 -0.40%
5.1 Flow near HPRV Cracking Pressure [7.98-11.52| gpm 9.85 9.91 9.93 9.94 9.94 0.03 0.30%
6 HPRV Max Pressure, T/O 900-1120 psid 1022 1031 1025 1001 990.73 -40.27 -3.94%
7.1 HPRV Reseating Total Flow 8.24-11.26 gpm 9.99 10.11 10.12 10.03 10.05 -0.06 -0.60%
8.1 Start Flow .85-1.5 gpm 0.93 0.96 0.94 0.95 0.94 -0.02 -2.15%
9.1 Max Flow Check 8.03-11 gpm 9.27 9.27 9.26 9.23 9.24 -0.03 -0.32%
10.1 External Leakage 0 drops/min 0 0 0 0 0 0.00 0.00%
10.2 OBD Leakage 0 drops/min 0 0 0 0 0 0.00 0.00%
11 Breakaway Torgue 0-15 Ib-in 5 7 6 6 6 -1.00 -20.00%
4




2.4.4 Bearings

Post-test inspections of the bearings after 600 hours showed light polishing of the bearing faces
(see inspection entries in Appendix 4), which is expected in extreme low lube operating
conditions. Fair polishing was observed after 100 hours of testing, which is also comparable to
what has been demonstrated in past bio fuel tests. Appendix 8, Images 1-2 show the floating and
stationary bearings pre/post testing.

Pre and post-test inspection results (see Appendix 4) show that all variations in measurements
are within measurement repeatability, most of which have no observed variation.

Table 3. Bearing Pre and Post Test Inspections

Inspection Data A
Pre Test | Post Test

Drive Height | 0.3632 .3630 | -.0002
, , 1401-1175 ID 0.6957 .6956 | -.0001
Floating Bearing 11 ™ Height [ 0.3631 | .3630 | -.0001
1401-1176 ID 0.6957 .6956 | -.0001
Drive Height | 0.5401 5395 | -.0006
Stationary Bearings ID 0.6956 .6956 .0000
1401-1174 Driven Height | 0.5401 5395 | -.0006
ID 0.6956 .6956 .0000

2.4.5 Gears

The wear on the gears was typical for a 600 hour test. Table 4 shows that all variations in
measurements were within measurement repeatability. The gear teeth showed polishing on the
working side of the teeth (see Appendix 8, Image 3). The dimensions all remained within limits.
After 600 hours, frosting was observed on several of the gear teeth.

No abnormalities were discovered during dimensional or visual inspection: all wear observed
was comparable to wear seen in previous low lubricity tests.

Table 4. Gear Pre and Post Test Inspections

Inspection Data

Pre Test | Post Test A
oD 1.25605 | 1.25590 | .00015
Width 0.37520 37524 | -.00004

Drive Gear | Front Journal 0.69381 69402 | -.00021

1445-1135 oD
Rearé’g“ma' 0.69391 | 69390 | .00001

oD 125600 | 1.25590 | .0001

Width 037512 | 37512 | .0000

Driven Gear | Front Journal
1445-1135 oD

Rear Journal
oD

0.69386 | .69401 | -.00015

0.69386 | .69400 | -.00014
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2.4.6 Housing

The drive and driven bores of the pump housing’s “gear wipe” remained at the same depth from
the start of the bio fuel test to the end of 600 hours. The wipe on both of the bores 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; however, 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.

2.47 HPRV

The HPRYV had an organic deposit that originated from the previous bio fuel test. Since the
HPRYV had performed normally in the previous bio fuel test with this deposit, the HPRV was not
replaced before the 600 hour bio fuel test. This deposit did not affect the performance of the
HPRYV as it cracked within limits on all ATPs. There was no additional organic deposit found
during the 600 hours of testing.

6
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3.0 CONCLUSIONS

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 full 600 hour test, averaging 0.969 mm.

The dimensional analysis showed that all of these parts were still within tolerances.

The pre and post-test performance data indicate the pump had no significant performance
deviations caused by the low lubricity fuel. Inspection results showed expected wear, particularly
in the gears and bearings, which have over 1000 total hours of low lubricity endurance testing in
their history. There were no signs of wear or damage that would affect the proper operation of
the unit.

Post-test acceptance testing of the unit per COM-852 revealed a decrease in start flow of
approximately 2.08%, which was 10.59% above the minimum ATP limit. Total Flow showed
degradation of only 1.19%, which was 11.06% above minimum ATP limit.
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Appendix 1
DTP-2175, Rev NEW: Low Lubricity Endurance Test Procedure

This information has been removed in order to safeguard
the proprietary information contained therein.

For additional information, please contact AFRL/RQTF.
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Appendix 2
COM-852, Rev. D: CCP Acceptance Test Procedure

This information has been removed in order to safeguard
the proprietary information contained therein.

For additional information, please contact AFRL/RQTF.
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Appendix 3

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

WOODWARD GOVERNOR COMPARY COM-852
ROCKFORD, IL ECL: D
CAGE 66503 PAGE : 1 OF 1

Desc: COM - CCP ACCEPTARNCE TEST PROCEDURE
Date: 13-JUL-2017
IMTPC - TEST EPECIFICATION RESULTE FRINT REPORT

Serial Mo: 19366491 Fun Mo: 9 Work Order: 2573256 Item Ko: €370-034
Current Status: A Fun Statua: P Tesat Type: AS Test Date: 2&6-JUN-2017
Pass

Test Point Record Unite Formula Tag Min value Max Fail
1.0 Total Flow Rate Check

1.1 Record Qtotal Qtotal gpm QToT_1 3,76 4.21 6.00 B
2.0 HFRV Total Flow Eypass [P=-Eb1) paid 200 1048 1070 B
1.0 HFRV Reseating check

3.1 Record Qtotal Qtotal gpm 31.95 (calc) 4.19 4.47 (Calc) B
4.0 Total Flow Rate Check

1.1 Record Qtotal Qtotal gpm QToT_2 a.50 10.10 B
5.0 HPFRV Near Cracking Pressure Check

5.1 record Qtotal Qtotal gpm 9.58 (calc) 9.91 10.62 (calc) =]
6.0 HPFRV Total Flow Bypass (P=-Fbl) paid 200 1031 1120 B
7.0 HPFRV Reseating check

7.1 Record Qtotal Qtotal gpm 9.84 (Calc) 1D.11 10.3& (Calc) B
8.0 starting Flow Rate Check

B.1 Record Qtotal Qtotal gpm 0.B5 0.96 1.50 =]
2.0 Max Flow Check

9.1 Record Qtotal Qtotal gpm a.03 o.27 B
10.0 Leakage check

10.1 Record External Leakzage Ext Leakage drope/min 0.0 0.0 0.0 B

10.2 Record OBD Leakage OBD Leakage drope/min 0.0 0.0 0.0 B
11.0 Breakaway Torgue Check Tg 1k in 7 15 B

The following criteria were used to run thie report:

Serial Wo: 19366491
Run Number: -}
Status:

Run Type: as

Work Order Mumber:

Order By: 1

FE R R Rk ek

~ End of IMTPC -

rErr s E e
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Post-600 hr Test COM-852, CCP Acceptance Test

WOODWARD OOVERNOR COMPANY COM-852
ROCEXPORD, IL RCL: D
CAOE €6503 PACE : L oF 1

DoRc:; OOM - CCP ROCCEPTANCE TEST PROCEDURR

Date: 10-Aum-T017

IMTRC - TEET SPECIFICATION RESULTS PRINT MEPORT

RN IR NI NI EEE NI EEEEEEEEEEE EEEEEEE EEEEEEEI EE EEEEEEEEEE EEEEE IEEEE EEEEEE IE E EEEEEE EEEEEEEEEE EEEEE EEEEEEEE EEEEE I E I I EEE I EEEEEEEEE
Farial Nor 190466491 Rufi No: 9 wark Ordar: 2579254 Item EBo1 E9V0-034

Current Status: A Run Status: P Teat Type: A5 Test Date: 10402007

Teat Point

rnits Formila Tag

1.0 Total Plow Bate Check

1.1 mecord Qtotal gtotal gpm QToT_1 1.76 416 .00 P
2.0 HPEV Total Flow Dypass (Pe-Ph1) paid 904 985,17 1070 P
3.9 HPEY Rossating Chack

3.1 record guotal geatal ae= 3.95 (calel 415 £.47 (Cale} ]
4.0 Toral Flow mate Check

4.1 record guotal geatal ae QToT_3 0,50 10,06 P
5.0 HPEY Near Cracking Fressure Check

5.1 Record Qtotal Qtotal g 9.58 (calc) S84 10.62 (calc) P
&.0 HPEY Total Flow Bypass {Pe-Fbl} paid 900 on0 73 1130 P
7.0 HPEV Ressating Chack

7.1 Racord Quotal Qrotal gPe 9.84 (Calel 10005 10,38 (Cale) P
B.Q Starting Flow Hate Chock

8.1 mecord geotal grotal apa 0.8 0= 1.5 2
9.0 Max Flow Chack

9.1 Record guatal grotal ges B.03 2324 P
10.90 Leakage Check

19:1 Record External Leakage Ext Leakage drops/min 0.0 og 0.9 P

10.2 Record OED Leakage OB Leakage drops/min 0.0 1] 0.0 P

11.0 freakaway Torgque Check g 1b_in I 15 »

T T T
The following criteria wers used to rum this report:

Sarial MNo: 193e4a91

Run Kusbar: ]

Statua;

Run Typa: AS

wark Ordar NusbaT:

ordar By 1

SEEssss s

* End of IMTPC .

SEEEEsE R R RS
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Appendix 4
DTP-2175 Appendix A Inspections

Measured Dimensions of Bearings and Gears

Drive Gear Driven Gear
HTLT5 H9LT5
— ® 55375 — ® 55575
Rear Journal Rear Journal
oD oD

Width Width

I % ]
- z’ffﬁ%/ffﬁﬁ/k
J— |
I % ]

gl
i

Front Front
Journal Journal
oD oD

Outer Diameter Outer Diameter
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Drive Floating Bearing
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Height r , !
Inside .

ol . Diameter

89825 A o273
89775 068

Driven Floating Bearing

l—ﬁ-}-‘

Height

589825
BOTTS '
- Inside
Ciameter
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Drive Stationary Bearing

5405 :
5395

Inside Diameter

Height ~

Driven Stationary Bearing

Height Inside Diameter
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Pre-Test Inspection Data

Test Article /N: 8570-034

TestArticle S/M: 19388451

Item Name!
Location Inspection Record Name and Date
(I'N)
Breakaway ) Tiffany Williams
NI Torque 7lb-in 08/08/17
Packing
P= Gavin Medearis
Discharge Visual Mo discrepancies 06/09/17
(182748)
Vapor Vent Visual Mo discrepancies Gavin Medearis
(182650) 06/09/17
Overboard i i Gavin Medearis
DOrain Visual Mo discrepancies 06/09/17
(182650)
Cartridge
& - Mo discrepancies Gavin Medeariz
Seal Visual 0&/08/17
[182574) (i
Fl";g;ﬁg No di i Gavin Medearis
) o discrepancies 06/08/17
Bearing Visual e
(182625)
FEIII;i:t?gg No di i Gavin Medearis
) o discrepancies 06/09/17
Bearing Visual i
(182625)
HPRW Visual Mo discrepancies Gavin Medearis
(182748) 06/03/17

DISTRIBUTION STATEMENT A: Approved for public release. Distribution is unlimited.
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CRITICAL INSPECTION RECORD - PRE-TEST

TestArticle I/M: 8570-034

TestArticle S/M: 19388451

Item
Ham_e;' Inspection Record MName and Date
Location
(N}
Springs
Floating
Bearing . . - B
Springs Visual Mo discrepancies Dﬁe—m\f:w ]
(1520-
1423)
HPRW . .
; i i S y
Spring Visual Mo discrepancies Ds:m:;m 5
(1524-548)
Bearings/Gears
DrivE ViSUﬂ.I Fa'”- pD‘”Sh‘”‘IE Sy sty
Floating 05/03/17
Bearin - -
i14D1-g Inner Diameter 0.6957 phiie
1175) .
. JOSRius Honmey
Height 03632 osjos/17 !
Driven Visual Fair polishin Bav Maesrs
Floating B E 050317
Bearing . o Sarmey
(1401- Inner Diameter 0.6957 -
1178) ]
: Height Jesiam Home
g 0.3631 sz
Drive Visual Fair polishing auin Medearh
Stationary 05/08/17
EEﬂriI'lg - D EQSE JOEFILE FOMTEy
(1401- Inner Diameter - 5/0s1T
1174) ) [
Height 0.5401 ey
Driven Visual B L Sain Wegeari
Stationary Fair polishing 050817
17
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CRITICAL INSPECTION

RECORD — PRE-TEST

TestArticle IN: 6870-034

TestAricle S/M: 19368451

Item
L:g;'ﬁjn Inspection Record MName and Date
(M)
Bearing ] pr—
(1401- Inner Diameter 0.6956 plpii
174) Height 0.5401 JosFru Hormey

508117

* Drawing Limits on all bearing innerdiame

ters are G9527- 6857

DI'[i";'iI‘G;ET Visual (Including Joumal r'\.l1il'.liI'I'IEl|I:El'u'ithil}l'l and light markings Guinesearis
1135) and Face Finishes) on journals as/osfaz
Outer Diameter 1.25605 e
Width 0.3752 ey
Front Joumal QD 085381 '.;.C;;:-;‘-wr
Rear Joumal 0D 0.69391 P
Driven ~ ) Minimal cavitation and light markings
Shn | v o |t Z
1135)
Outer Diameter 1.25600 pi i
\Width 0.37512 P
Front Joumal 0D 0.69386 oslosirr
Rear Joumal oD 0.69336 ;;;;ﬁwwr

* Drawing Limits

on all outer geardiameters are 1.25675°—1.25625”

* Drawing Limnits

on all gear widths are .3747"- 3753

* Drawing Limits

on all jpumal outerdiameters are 693757- 604257

Seals

18
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CRITICAL INSPECTION

RECORD — PRE-TEST

TestArticle I/N: G970-034

TestArticle S/M: 183664591

ltem
Ham_ef Inspection Record Mame and Date
Location
(VN)
Cartridge Seal Wiswsl Mo discrepancies Gavin Medearis
{3051-5081) 06,/09/17
Trapezoidal Seal Visual Mo discrepancies Gavin Medearis
[3051-5052) 08,/08/17
HPRV
Slesve (BZZ5- Visusl Mo discrepancies Gavin Medearis
1254) 06,/09/17
Fiston (5225 Visual Organic deposit on several Gavin Medearis
1254) edges 06/08/17
Spring Seat Visual Mao discrepancias Gavin Medearis
[4100-1175) P 06/09/17
Housing
Pump Cover Visual Mo discrepancies Gavin Medearis
[3550-1584) 06/09,/17
Pump Housing Wisual The housing wipe extends the Gavin Medearis

[4034-1620)

entire |0 of each bore.

08/08/17
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Post 600 hr. Inspection Data

CRITICAL INSPECTION RECORD - POST-TEST

TestArticle /N: 6970-034 TestArticle S/M: 19366491

Item Name/
Location Inspection Record Mame and Date
(VN)
Breakaway ) Tiffany Williams
NiA Torque 6 lb-in 08/10/17
Packing
Ps Discharge ) ) Gavin Medearis
(182748) Visual Mo discrepancies 08/15/17
Vapor Vent Visual No di ) Gavin Medearis
(182650) isua o discrepancies 08/15/17
Overboard Gavin Medearis

Drain Wisual Mo discrepancies 08,/15/17

{182850)
Cartridge Gavin Medearis
Seal Visual Mo discrepancies 08,/15/17
(182574)
Dri;e Floating Gavin Medearis
EANNg Visual Mo discrepancias 08/15/17
(182625) 115/

Driven ) )
Floating _ _ _ Gavin Medearis
Bearing Wisual Mo discrepancies 08/15/17
(182625)

HPRV Visual No di i Gavin Medearis
(182743) isua o discrepancies 08/15/17

DISTRIBUTION STATEMENT A: Approved for public release. Distribution is unlimited.
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CRITICAL INSPECTION RECORD - POST-TEST

Test Article I/M: 8970-034 Test Article S/M: 193658491
Item Name/
Location Inspection Record Mame and Date
(I'N}
Zprings
:Jatr'; 5;_|ar r'; . ) .". -
Springs {1520 Visul Mo discrepancies iJV:'w :
1423) T
_;:;:;__gs-?-?; Wizua Mo discrepancies P
Baaringe!>aare
_ . - S ey
DCrive Flaziing Visual Light Polishing -
Saaring (1201- S
117 i o F DT DTy
Innar Clamsiar 0.6956 amiasiaT
Mok F r SOETR DTy
aigrt 0.3630 P,
_ . L. Sanin Wt
Drivan Flasting WVisual Light Polishing -
Baaring (1201- bl
11748] o F Josrrm Homey
innar Diamatar 0.6956 ozj14f17
Hagm 0.2630 A mamet
051417
Drvve Statanary Visua Light Polishing e
Saaring (1401-
1174) D { Jesire Homeey
Innar Dlamaiar 0.6956 0814117
ol JOEFILS RSy
gt .53585 a7
Crivan Stadanary isua Light Polishing S Wesears
Saaring {1401 LEAT
1174} - F Jostua Homey
Imnar Diamatar 0.6956 a518/17
Lo F SRR Ty
=gt 0.5385 w1

“ Drawing Limits an 3l baaring innar dlameiars are G35 - G357

DISTRIBUTION STATEMENT A: Approved for public release. Distribution is unlimited.
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CRITICAL INSPECTION RECORD — POST-TEST

TestArticle I/M: 6970-034

TestArticle S/M: 19366451

ltemn Namel
Location Inspection Record Name and Date
(M)
Drive Gear :Jv"isual Elncllzluging Signs of frosting and light avin Medearis
1 ournal and Face markings on journals e
(1445-1135) Finishes) OB/15/17
. 125590 Jozhua |'{I'TE"5'
Outer Diameter 0E/14/17
. Joshua Homey
Width 037524 OR/14/17
Joshua Homey
FrontJournal OO 0.69402 0B/14/17
Rear Journal OD 0.6939 foshua Homey
OB/14/17
; Visual (Including signs of frosting and light cavin Medear
?111?552{ ‘J':'””—!ﬂl_ and |_=a|:e markings on journals -a;_:llg_.-'l;ha
: Finishes)
) . Joshusa Homey
Outer Diameter 1.25590 08/14/17
. P Joshusa Homey
Width 0.37512 08/14/17
, Joshua Homey
FrontJournal OO 0.69401 05/14/17
; Joshua Homey
Rear Journal 0D 0653400 08/14/17
Gear Tooth Inspect allteath; both faces, and
Profile per overlay front and back face inspection Eavin Medeans
Both Gears Drawing (1445- charts for each tooth. OEf15/17
1135) Provide inspection records to
Instructions enginesaring.

* Drawing Limits on all outer gear diameters are 1.25575™ — 1. 2568257

* Drawing Limits on all gear widths are 3747 - 3753

* Drawing Limits on all journal outer diameters are §3375" - 69425”

DISTRIBUTION STATEMENT A: Approved for public release. Distribution is unlimited.
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CRITICAL INSPECTION RECORD — POST-TEST

Test Article /N 6570-034

Test Article S/N: 15366451

Item Mame/

Location Inspection Record Name and Date
[I/H}
Seals
Cartridge Saal Wisual No discrepancies Gavin Medearis
(3051-5051) P 08/15/17
Trapezoidal Seal Visusl . . Gavin Medearis
13051-5052) Mo discrepancies 08/15/17
HFRV
Skeave (5225 Wisusl . . Gavin Medearis
1254) Mo discrepancies 08/15/17
Piston (5225 Visual Organic deposit remains from Gavin Medearis
1254) previous bio fuel test 08/15/17
Spring Seat Visusl - . Gavin Medearis
% 2T Mo discrepancies
(4100-1175) P 0B/15/17
Housing
Pump Cover Visual No di . Gavin Medearis
(3550-1584) o discrepancies 08/15/17
Pump Housing Wisual The wine depth has not chaneed Gavin Medearis
(4034-1630) pECep s 08/15/17

DISTRIBUTION STATEMENT A: Approved for public release. Distribution is unlimited.
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Appendix 5
Test Log Sheets

Event Log

(W]
T
(4]
=
(=]
=%
[{s]

Event Log

Project Mumber: 130876 DTF NMumber: DTP-2175 Rev Mew | Test Stand/Cell: 22

Test Article I/N: §970-034 Test Article S/N: 19366431

Test Segment/
Time Initials | Test Article Run Event/Action
Time

Date of
Event

6132017 | 08:30 T Started mission cycle using slave pump.
Took fuel sample A, WSD was 0.52.

GM32017 | 12:40 Third Started mission cycle using slave pump.
Opened clay filter for 15 min. Took fuel
sample B, WSD was 0.55.

GM1472017 | 0754 Third Started mission cycle using slave pump.
Opened clay filter for 20 min. Took fuel
sample C, WSD was 0.71.

652017 | 10:00 Thibd Started mission cycle using slave pump.
Opened clay filter for 15 min. Took fuel
sample D, WSD was 0.758.

GHE2017 | 10.55 Thibd Started mission cycle using slave pump.
Opened clay filter for 18 min. Took fuel
sample E, WSD was 0.75.

GM162017 ThM Fut new clay filters in setup.

662017 | 1315 T Started mission cycle using slave pump.
Cpened clay filter for 18 min. Took fuel
sample F, WS3D was 0.24.

6212017 | 02:30 THM Started mission cycle using slave pump.
Cpened clay filter for 10 min. Took fuel
sample G, WSD was 0.90.

6212017 | 13112 T Started mission cycle using slave pump.
Cpened clay filter for 10 min. Took fuel
sample H, WSD was 0.91.

6222017 | 0928 ThM Started mission cycle using slave pump.
Cpened clay filter for 14 min. Took fuel
sample |, WSD was 0.92.

62372017 | 0810 Third Ran steady state with clay filter on for
22 min. Took fuel sample J, WSD was
0.93.

G227 | 12:47 Qs Ran steady state with clay filter on for
30 min. Took fuel sample K, W3D was
0.92.

24
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Event Log

[on}

3
i)
=
P
=]
=3
o

Date of Test Segment/
ale Time Initials | Test Article Run Event/Action
Event Ti
ime
G/26/2017 ThAM 150 HF drive bumnt up. Needs to be
replaced.
Gl292017 ThiM 150 HFP drive replaced.
G/29/2017 | 09:40 ThM Installed test article in cell. Ran 3
mission cycles, ran clay filker for 20 min.
Took fuel sample, WSD was 0.91.
Gi2972017 | 14:05 Thibd 00H:00M Started test, took fuel sample #1 and a3
sample to be saved until the report is
written. WSD was 0.56.
G/29/2017 | 14:35 ThM 00H:30mM Took fuel sample #2, WSD was 0.95.
3 Acc Cycles
Gl2872017 | 1835 Qs 04H:30mM Took fuel sample #3, WSD was 0.95.
G/29/2017 | 2235 Qs BH:20mM Took fuel sample #4, WSD was 0.95.
6/30/2014 | 02:35 KK Took fuel sample #5, WSD was 0.93.
Gl302017 | 0552 ThiM 15H:14M Test running good, transferred data.
87 Acc cycles
G/302017 | 06:35 ThM 16H:25M Took fuel sample #5, W5D was 0.96.
81 Acc cycles
G/30/2017 | 02:05 ThAM 1GH:0M Ran clay fitter for 11 minutes, W3D not
105 Acc cycles checked.
63002017 | 10:35 ThM 20H:35M Took fuel sample #7, WSD was 0.04.
114 Acc cycles
6302017 | 11:45 Third 22H:30M Test running good, transferred data.
119 Acc cycles
Q302017 | 14:35 ThM 24H:30M Took fuel sample #3, W3D was 0.97.
135 Acc cycles
G/30/2016 | 18:35 Qs 28H 30mM Took fuel sample #9, WSD was 0.97.
156 Acc cycles

25
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Event Log

(W]
3
[4+]
it
L
=]
=1
[in]

Date of

Test Segment/

Time Initials | Test Article Run Event/Action
Event Ti
ime

THR2017 06:00 T J9H:50M Test running good, transferred data.
217 Acc cycles

TH2017 0635 Thind 40H:25M Took fuel sample #10. WSD not
222 Acc cycles thecked.

TH2017 11:15 Thabd 45H:00M Te_st running good, ran clay filter for 5
247 Acc cycles minutes. WSD not checked.

2017 18:43 |AH B2H:35M Took sample #11. WSD was 0.96.
288 Acc cycles

T22017 0610 ThAM G4H:05M Test running good, transferred data.
351 Acc cycles

T22017 06:35 T G4H:255M Took sample #12. WSD not checked.
353 Acc cycles

Ti2i2017 12:00 Thabd G9H:55M Te_st running good, ran clay filter for 5
383 Acc cycles minutes. WSD not checked.

Tr22017 18:00 |AH TSH:55M Took sample #13. WSD was 0.91.
424 Acc cycles

TI3R2017 06:00 ThAM 8TH:55M Test running good, transferred data.
481 Acc cycles

2017 06:10 Thin B8H:05M Ran clay filter for 10 minutes. WD not
482 Acc cycles thecked.

2017 06:35 Thin B8H:25M Took sample #14. WSD was 0.95.
484 Acc cycles

TIA2017 11:40 Thind Q3H:25M Checked test, running good.
811 Acc cycles

TI32017 16:40 Qs Q2H 30mM Took sample #15, WSD was 0.91.
5329 Acc cycles

2017 18:05 Qs 100H O Ran clay filter for 10 minutes, WSD not

47 Acc cycles

checked.
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Event Log

(W]
3
[4:]
@
o
[=]
=1
[d]

Date of

Test Segment/

Time Initials | Test Article Run Event/Action
Event Ti
ime
4017 06:17 ThibA 112H:05M Test running good, transferred data.
G613 Acc cycled

Ti42017 06:35 Thimd 112H:15M Shut test down for post 100 hour

inspections. Took posttest fuel sample
614 Acc cycles to be saved until the report is written

and sample #16. WSD was 0.96.

TR2017 12:30 Qs Refilled sump to full guantity and
mounted slave pump.

TR2017 1515 Qs Ran steady state and opened clay filter
for 25 minutes. Took fuel sample M,
WSD was 0.83.

TR2017 20000 Qs Took fuel sample M. WSD was 0.86.

TER2017 1740 Qs Ran steady state and opened clay filter
for 25 minutes. Took fuel sample O,
WSD was 0.82.

TE2017 15:30 Qs Ran steady state and opened clay filter
for 30 minutes. Took fuel sample P,
WSD was 0.83.

THOZ20MT | 0730 ThibA Started mission cycle using slave pump.
Cpened clay filter for 30 min. Took fuel
sample G, WSD was 0.36.

702017 | 13:20 Tk Put new clay filters in setup.

THOZMT | 13:20 ThibA Started mission cycle using slave pump.
Opened clay filter for 25 min. Took fuel
sample R, WSD was 1.04.

THOR2017 | 1550 Qs Topped off sump. Started mission cycle
using slave pump. Opened clay filter for
20 minutes. Took fuel sample 5, W3D
was 1.00.

THAQZ017T | 16:35 Qs Installed test article in cell. Ran steady
state for 2 hours.

TH22017 | 06:15 ThibA 112H:15M Start of 500 hour porticn of test, took

G614 Acc cycles

fuel sample #17 and a sample o be
saved until the report is written. WSD
was 0.99.
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h
T
[qE]
et
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(=]

w

Event Log
Test Segment/
Date of Time Initials | Test Article Run Event/Action
Event Time

TH22017 | 06:45 ThiM 113H:00mM Took fuel sample #13. WSD was 0.99.
618 Acc cycles

TH22017 | 10:45 ThiM 117H:05M Took fuel sample #1%. WSD was 0.99.
640 Acc cycles

TH22017 | 14:45 ThiM 120H:55M Took fuel sample #20. WSD was 1.01.
661 Acc cycles

TH22017 | 18:45 JAS 125H:05M Took fuel sample #21. WSD was 0.99.
G683 Acc cycles

TH2201T | 22:45 KLEK 129H:05M Took fuel sample #22. W3SD was 1.00.
705 Acc cycles

TH3201T | 02:44 KLEK 133H:05M Took fuel sample #23. WSD was 1.00.
T2T Acc cycles

TM3I2017 | 06:45 Thir 137H:00mM Test running good, transferred data.
749 Acc cycles Took fuel sample #24. 'WS3D was 0.99.

TH3201T | 18:45 TH 149H:05M Took fuel sample #25. WSD was 0.99.

472017 | 0540 T 159H:55M Test running good, transferred data.
a74 Acc cycles

TH42017 | 06:45 ThiM 161H:05M Took fuel sample #26. WSD not
820 Acc cycles checked.

Han7 18:45 JAS 173H 5 Took fuel sample #27. WSD was 0.99.
945 Acc cycles

THEMT 6:35 Qs 1234H 56M Test running good, transferred data.
1010 Acc cycles

M7 6:45 Qs 184H 56 Took fuel sample #28. WSD was 0.98.
1010 Acc cycles

M7 18:45 Qs 197H 1M Took fuel sample #2%. WSD was 0.98.

1076 Acc cycles
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Event Log

(W]

3
[1#]
i
[= 5]
(=)
=1
[im]

Date of

Test Segment/

Time Initials | Test Article Run Event/Action
Event Ti
ime

THG201T | 06:23 Thim 208H:31M Test running good, transferred data.
11358 Acc cycles

THG201T | 06:45 Thim 208H:50mMm Took sample #30. WSD not checked.
1141 Acc cycles

THE201T | 18:45 Jdd Took sample #31. WSD was 0.96.

TATRZONT | 0556 ThAM 232H11M Test running good, transferred data.
1268 Acc cycles

TATRZ0MT | 06:45 ThAM 232H:56M Took sample #32. WSD not checked.
1272 Acc cycles

THTRO01T | 18:45 TK 245H:05M Took sample #33. WSD was 0.99.
1338 Acc cycles

THERZMMT | 0553 ThM 256H:01M Test running good, transferred data.
1398 Acc cycles

THME201T | 06:45 Thim 256H:56M Took sample #34. WSD not checked.
1403 Acc cycles

THER2017 | 18:45 TK 269H:02M Took sample #35. WSD was 1.00.
1465 Acc cycles

THS2017 | 0545 Thim 2TIHE51M Test running good, transferred data.
1528 Acc cycles

THS2017 | 06:45 Thim 280H:56M Took sample #36. WSD not checked.
1534 Acc cycles

THSR2017 | 18:45 TK 293H:01M Took sample #37. WSD was 0.92.
15958 Acc cycles

TI2002017 | 2019 Thik Storm knocked out power to the

building, test shut down.
T2002017 | 06:40 ThM Restarted test.
T2002017 | 0645 ThM 204H:44M Took sample #38. WSD was 0.92.

1608 Acc cycles
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Event Log
Test Segment/
Date of Time Initials | Test Article Run Event/Action
Event Ti
ime

TR20201T | 18:45 MNO 306H38Mm Took sample #3090, WSD was 0.96.
1674 Acc cycles

TR212017 | 0554 Thim 31TH36M Test running good, transferred data.
1734 Acc cycles

TR212017 | 06:45 Thimd I18H31M Took sample #40. W3D not checked.
1738 Acc cycles

TR212017 | 18:45 MNO 3A0H:36M Took sample #41. WSD was 0.97.
1804 Acc cycles

T222017 | 06:45 ThM 342H:36M Test running good, transferred data.
1870 Acc cycles Took sample #42, WSD not checked.

TI222017 | 0932 Thimd Test shut down due to no cell boost

pressure. Investigation revealed boost
pump seized up.

TR242017 | 0830 ThAM 354H:42M Restarted test.
1936 Acc cycles

72472017 | 09:00 Thibd 358H02M Ran 2 cycles and took fuel sample #43.
1938 Acc cycles WSD was 0.95.

TI242017 | 18:45 JS 364H54M Took sample #44. WSD was 0.97
1991 Acc cycles

TRE2017T | 05:48 Thimd ITOHATM Test running good, transferred data.
2951 Acc cycles

T252017 | 06:45 ThM ITEH:42M Took sample #45. WSD not checked.
2086 Acc cycles

T252017T | 08:45 TH 383H:A9M Took sample #45, WSD was TBD.
2122 Acc cycles

TR262017 | 05:50 T 399H4TM Test running good, transfemed data.
2182 Acc cycles

TI262017 | 06:15 ThAM ADOHA2M Took sample #47. WSD was 0.96

2187 Acc cycles

30
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Event Log
Date of . - Test Se_g'nent.’ )
Time Initials | Test Article Run Event/Action
Event Ti
ime

262017 | 18:45 TH 412H:450 Took fuel sample #45. WsD was 0.96.
2253 Acc cycles

TRTRMT | 0545 ThiM 424H:42M Test running good, transferred data.
2317 Agc cycles Took zample #4959 W30 was 0.96.

THETRE20MT | 18:45 TH 436H:440M Took sample #50. WSD waz 0.95.
2384 Apc cycles

TIZSRMT | 0500 ThiM 44TH:52M Test running good, transferred data.
2445 Apc cycles

TR282017 | 06:45 ThA 448H:420 Took zample £51. WSD not checked
2449 Acc cycles

TI2BL20MT | 1845 T 450H 450 Took zample #52. WSD wasz 0.95.
2514 Agc cycles

TI29R2M7T | 0645 JLd 472 H4TM Took sample #52. WSO not checkad.
2580 Acc cycles

TI29R2017 | 18:00 Qs 434H TM Test running good, transfemed data.

TI2920M7 | 18:45 a5 434H 420 Took sample #24, WSD wasz 0.98.
2645 Apc cycles

TR0R2017 | 0645 JAS 456H:54M Took zample #5355, WS3D not checked.

TROE2T | 1545 TR S08H:49mM Took sample #58. WSD was 0.95.

TI3ARMT | 0500 ThiM S20H:03M Test running good, transferred data.
2838 Acc cycles

TE207T | 0645 ThAM 520H:45M Took sample #57. WSD not checkad.
2842 Acc cycles

TIAL20M7 | 18:45 TR S32H:50m Took fuel sample £35. W30 was 0.55
25907 Acc cycles

012017 | 06:00 ThA S543H:53M Test running good, transfermed data.
2585 Acc cycles
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Event Log
Test Segment/
Dateof | gime | Initials | Test Article Run Event/Action
Event .
Time

2012017 | 0545 ThMA S544H:4ah Took sample #55. WSD not checked.
2973 Ace cycles

012017 | 18:45 o] S5EH:50M Took sample #50. WSD was 0.95.
3038 Ace cycles

3022017 | 065:00 T S58H:08M Test running good, transferred data.
3100 &ce cycles

SN022017 | 0545 T S58H: 480 Took sample #51. W30 was 0.92.
3104 Ace cycles

SN022017 | 1845 le] EB0H:53M Took sample #82. WSD waz 0.94
31659 Acc cycles

2032017 | 0553 TR 591H:58M Test running good, transferred data.
3230 Ace cycles

02017 | 0620 T SO2H-2aM Opened clay filter for 3 minutes
3233 Ace cycles

2032017 | 0645 ThMA S5%2H:530 Took sample #53. WSD not checked.
3235 Ace cycles

232017 | 1845 TH S04H:49M Took sample #54. W30 was 1.00
3300 Ace cycles

2042017 | 0545 T S15H:43M Test running good, transferred data.
3380 Acc cycles

2042017 | 05:00 Tk 515H:53M Took zample #55 and posttest fuel

sample to be saved uniil the report is

3361 Acceyeles | ritten WSD was 0.97.

S042017 | 0504 TiiM E16H:03M Shut test down, DTP-2175 total time
1362 Acc cycles requirement was 610 hours minimum.

Transferred final data file.
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Equipment List

WOODWARD, Inc. DTP-2175
Rockford, lllinois Page 19
Rev. NEW

CAGE 66503

Table 4 - Equipment List

I .
Test Stand/Cell: [~ ok '
[rewsmacor (1) 29 [Rosoesmry oo Jome
| Test Article IN: o 10 o000 Test Article SN \q13 iy |

Qty Test Hardware Model Serial | Callbration | Equip Used for:
Number | Number | Due Date {DTP Para #)
| | \500 Pszo PPTR  [Hizsow [ 10-%4T
| | \boo Psic PPTR  [Buwsso | wo-3:-\7
\ | o esza PPTR  [HWoZ | 1o 317
| -1 TURLTHE MeTen T LS 1o-3-11
[ WLDaG oy 055 | 2-28-13
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Test Checklist

This information has been removed in order to safeguard
the proprietary information contained therein.

For additional information, please contact AFRL/RQTF.
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Appendix 6

Boost Pump Flow Meter
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Pressure Control Valve and Heat Exchanger Burst Disk
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Appendix 7
Low Lubricity Data

Table 5. Lubricity Test Results

DISTRIBUTION STATEMENT A: Approved for public release. Distribution is unlimited.

Sample | Date Time Accred Accred Lubricity
Cycles Hours

1 29-Jun- | 14:05 0 0 0.96
17

2 29-Jun- | 14:35 3 0.5 0.95
17

3 29-Jun- | 18:35 - 4.5 0.95
17

4 29-Jun- | 22:35 - 8.33 0.95
17

5 30-Jun- 2:35 - - 0.98
14

6 30-Jun- 6:35 91 16.5 0.96
17

7 30-Jun- | 10:35 114 20.5 0.94
17

8 30-Jun- | 14:35 135 24.5 0.97
17

9 30-Jun- | 18:35 156 28.5 0.97
17

10 1-Jul-17 6:35 222 40.5 -

11 1-Jul-17 | 18:43 288 52.6 0.96

12 2-Jul-17 6:35 353 64.5 -

13 2-Jul-17 | 18:00 424 75.9 0.91

14 3-Jul-17 6:35 484 88.5 0.95

15 3-Jul-17 | 16:40 539 98.5 091

16 4-Jul-17 6:35 614 112.25 0.96

17 12-Jul- 6:15 614 112.25 0.99
17

18 12-Jul- 6:45 618 113 0.99
17

19 12-Jul- 10:45 640 117.1 0.99
17

20 12-Jul- 14:45 661 120.9 1.01
17

21 12-Jul- 18:45 683 125.1 0.99
17

22 12-Jul- | 22:45 705 129.1 1
17
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Sample | Date Time Accred Accred Lubricity
Cycles Hours

23 13-Jul- 2:44 727 133.1 1
24 13}J7u1- 6:45 749 137 0.99
25 13}J7u1— 18:45 - 149.1 0.99
26 14}J7u1— 6:45 880 161.1 -
27 14}J7u1- 18:45 945 173.1 0.99
28 15}J7u1— 6:45 1010 184.95 0.98
29 15}J7u1- 18:45 1076 197 0.98
30 16}J7u1— 6:45 1141 208.9 -

17
31 16-Jul- 18:45 - - 0.96

17
32 17-Jul- 6:45 1272 232.95 -
33 17}J7u1— 18:45 1338 245.1 0.99
34 18}J7u1- 6:45 1403 256.95 -
35 18}J7u1— 18:45 1469 269 1
36 19}J7u1- 6:45 1534 280.95 -
37 19}J7u1- 18:45 1599 293 0.98
38 20}J7u1— 6:45 1609 294.75 0.93
39 20}.I7u1- 18:45 1674 306.7 0.96
40 21}J7u1— 6:45 1739 318.5 -
41 21}J7u1- 18:45 1804 330.6 0.97
42 22}J7u1- 6:45 1870 342.6 -
43 24}J7u1— 9:00 1938 355 0.95
44 24}J7u1- 18:45 1991 364.95 0.97
45 25}J7u1— 6:45 2056 376.7 -
46 25}J7u1- 8:45 2122 388.8 -

17
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Sample | Date Time Accred Accred Lubricity
Cycles Hours
47 26-Jul- 6:15 2187 400.7 0.96
48 26}J7u1- 18:45 2253 412.75 0.96
49 27}J7u1— 6:45 2317 424.7 0.96
50 27}J7u1— 18:45 2384 436.75 0.95
51 28}J7u1- 6:45 2449 448.7 -
52 28}J7u1— 18:45 2514 460.8 0.98
53 29}J7u1- 6:45 2580 472.8 -
54 29}J7u1— 18:45 2645 484.8 0.98
55 30}J7u1- 6:45 - 496.9 -
17
56 30-Jul- 18:45 - 508.8 0.98
57 3 1}J7u1— 6:45 2842 520.9 -
58 3 1}J7u1- 18:45 2907 532.8 0.99
59 l—j‘jlg— 6:45 2973 544.8 -
60 1-/1X?1g- 18:45 3038 556.8 0.95
61 Z-IIIXZJg- 6:45 3104 568.9 0.92
62 2—1}‘115;— 18:45 3169 580.9 0.94
63 3-/1XZJg- 6:45 3235 592.5 -
64 3—1}‘115;— 18:45 3300 604.8 1
65 4-/1X?1g- 6:00 3361 615.9 0.97
17
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Appendix 8
Pre and Post Test Inspection Photos
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Pre Test | Post Test |

Notes

Image 1: Floating Bearings

Floating bearings
show light polishing
after 600 hours.

Floating Bearings

| show no significant

cavitation or
clipping after 600
hours.
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Image 2: Stationary Bearings

Stationary Bearings
show no significant
clipping after 600
hrs.

e | Stationary bearings
show light polishing
after 600 hours.
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Stationary Bearings
show no significant
cavitation.
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Image 3: Gear Set

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

Idler gear journal
shows fair polish
with a few small
scratches on the
journal.
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Idler gear shows
typical wear and
frosting on gear

teeth.

Drive Shaft Gear
shows typical wear
and signs of frosting
on the gear teeth.
Gear teeth show
polish on working
side.
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Image 4: Housing Bores

Housing inlet: bore
is wiped completely
around the inside
diameter of both the
driven and idler gear
bore. The housing
wipe depth has
remained the same
since the previous
bio fuel test.

Housing discharge
bore.
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Housing discharge
bore and driven
bearing bore.

Housing discharge
bore and driven
bearing bore.
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Image 5: HPRV

HPRYV shows no
signs of significant
wear.

"

Several edges show
signs of a deposited
organic substance
that remained from
the previous bio fuel
test.

Post-performance
| check of HPRV
showed no
significant issues.
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HPRYV assembly
shows typical wear
for 600 hrs.
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Appendix 9

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

WOCDWARD GOVERNOR COMPANY CoM-852
ROCKFORD, IL ECL: D
CAGE 66503 PAGE : 1 OF 1

Desc: COM - COCP ACCEPTANCE TEST PROCEDURE
Date: 13-JUL-2017
IMIPC - TEST SPECIFICATION RESULTS PRINT REPORT

Serial Mo: 19366491 Fun No: 10 Work Order: 2306635 Item Ho: 6370-034
Current Status: A Fun Status: P Test Type: AS Test Date: 13-JUL-ZD17
Pass

Tast Point Record Units Formula Tag Min Value Max Fail
1.0 Total Flow Rate Check

1.1 rRecord Qtotal Qtotal gpm QTOT_1 3I.TE 4.21 6.00 B
2.0 HFRV Total Flow Bypass (Ps-Fbl) paid 00 1052 1070 2]
.0 HPRV Reseating Check

3.1 Record Qtotal gtotal gpm 3.95 (calc) 4.19 4.47 (calc) =]
4.0 Total Flow Rate Check

4.1 Record Qtotal Qtotal gpm QTOT_2 a.50 10.10 =l
5.0 HPRV Near Cracking Pressure Check

5.1 Record Qtotal Qtotal gpm 9.58 (Calc) 9.93 10.62 (Ccalc) B

7.0 HPFRV Reseating check

7.1 Record Qtotal Qtotal gpm 9.84 (Calc) 10.12 10.36 (Calc) =l
B.0 Starting Flow Rate Check

B.1 Record Qtotal Qtotal gpm 0. B5 0.94 1.50 B
2.0 Max Flow Check

2.1 Record Qtotal Qtotal gpm a.03 9.26 =l
10.0 Leakage Check

10.1 Record External Leakage Ext Leakage drops,/min 0.0 0.0 0.0 =l

10.2 Record OBD Leakage 0BD Leakage drops,/min 0.0 0.0 0.0 =l
11.0 Breakaway Torgue Check Tg 1b in [ 15 B

The following criteria were used to run thie report:

Serial Mo: 19366491
Run Number: ]
Status: A

Run Type: AS

Work Crder Mumber:

order By: 1

LT T T T ———

* End of IMTEC *

P

51
DISTRIBUTION STATEMENT A: Approved for public release. Distribution is unlimited.



Post-100 hr Inspection Data

CRITICAL INSPECTION RECORD - POST-TEST 100 hrs

Test Article /N: 6970-034 TestArticle SiN: 19366491
Itemn Name/
Location Inspection Record Name and Date
(VN)
Breakaway - -
- Tiffany Williams
MIA Torque & IB-in 2017-07-07
Packing
i Gavin Medearis
Fe l:?;':?:;ge Visual Mo discrepancies 20170707
Vapor Vent . ) Gavin Medearis
i1p82550} Visual No discrepancies 20170707
Overboard
h . ) Gavin Medearis
“g;lal;j} Visual Mo discrepancies 2017-07-07
Gﬂgric:ge . ) Gavin Medearis
el _ Visual Mo discrepancies 20170707
(182574)

Drive Fl_nating Gavin Medearis
Bearing Visual Mo discrepancies 2017-07-07
(182625)

Driven
Floating . . Gavin Medearis
Bearing Visual No discrepancies 20170707
(182625)

HPRY Visual Mo discrepancies Gavin Medearis
(182748) P 20170707
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CRITICAL INSPECTION RECORD - POST-TEST 100 hrs

TestArticle N: 6970-034 TestArticle S/M: 19366491
Item Name/
Location Inspection Record Name and Date
(UN)
Drive Gear Visual (Including | Minimal cavitation and light o Medeas
Journal and Face | markings on journals
(1445-1135) Finishes) 2017-07-07
H Joshum Hommey
Outer Diameter 1.25805 2017-07-07
loshus Horney
Width 0.3752 20170707
0.69381 loshus Horney
FrontJournal OD 1017-07-07
loshua Homney
Rear Journal OD 0.68391 2017-07-07
Driven Gear :;"IS ual ElnCLUEF“ﬂQ Minimal cavitation and light Gavin Madearis
curnaland Face| markings on journals 2017-07-07
(1445-1135) Finishes)
- Joshum Homey
Outer Diameter 1.25600 g
0.37512 Joshua Homey
Width 2017-07-07
loshum Horney
FrontJournal OO 0.69386 1017-07-07
loshua Homney
Rear Journal OD 0.69386 170707
Gear Tooth Inspect alltesth; both faces, and
Profile per overiay front and back face inspection Gawin Madearis
Both Gears Drawing (1445- | shansfor eachtooth, 2017-07-07
1135) Provide inspection records to
Instructions engineenng.

* Drawing Limits on all outer gear diameters are 1.25575" - 1.25625"

* Drawing Limits on all gear widths are 3747 - .3753"

* Drawing Limits on all journal outer diameters are 69375" - 69425°
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CRITICAL INSPECTION RECORD - POST-TEST 100 hrs

TestArticle UM: 6570-034 TestArticle S/M: 15366481
Item Name!
Location Inspection Record Mame and Date
(UM}
Springs
Flozting Searing . . Gawin Megeari
Springs {1520- Wisua Mo discrepancies m;?fm :
1423}
HAR\Y Spring e i i Sevin Medearis
i, zual
[1526.545) W Mo discrepancies o
Bearinga'Gaars
F ¥ i ichi G Whsomaris
Drive Flaaling Wisug Fair polizshing -
Saaring {1207- = Lon-c-?-c-?. .
1175} - 1 = Sarvin hesdearis
Innar Diamstar 0.6957 207
Savin Medearis
g 03632 .
Drivan Floating Visus Fair polizhing Exin Mecesris
Baaring {1204- 2070707
117G} - q = Savin Medesris
Innar Clamsiar 0.6957 -
o G Whsomaris
=gm 0.3831 20ATOTOT
. . Lo S Wechearis
Driva Siaianary Wisug Fair polizshing -
Baaring {1401 P = T
174) o ’ ‘S Wbecheais
Innar Diamsiar 0.6956 i
Sawin Wedesris
g 0.5401 B
Criven Siatonary Wisusl Fair polizhing Gawin Megesris
Baaring {1401- P B T-07-O7
1174 o ; Sawin Wesearis
Innar Clamsiar 0.6956 e
o Srin Wsdesris
=gm 0.5401 L7707
* Crawing Limits on 3l b=aring bner dlamatars ars 535 - 5957
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CRITICAL INSPECTION RECORD — POST-TEST 100 hrs

TestArticle [/M: 8870-034 TestArticle S/M: 19365451
Iltem Name/
Location Inspection Record Mame and Date
(VM)
Springs
Flaating Saaring . . Gawin Wedesris
Sr':gi‘é]&m- Visudl Mo discrepancies snr e
HBERY . . Gavin Medear
;E&?@? VS Mo discrepancies m;clm :
BaaringaiGaars
Crlvz Flaging isud Fair polishing Emin Wadeari
S ng {1801- 2070707
175 I Ciamaar 0.6957 faosihaz Homey
BOLTOTO7
. Joxsraus Hormesg
=yl 0.3632 20 70707
Crrvan Flasing Visua Fair polizshing Exin Medeari
Sy ng {1801- 20170707
1175 - F - JosFus Honmey
Inner CHamatar 0.6957 S
Yo JosFus Honmey
g 0.3631 S
. . . Savin Medearis
Drive Stafionary \isual Fair polishing
Saaimg (1231 P HNT-O7-07
1174) = F Jigesr Hommey
Innar Ciamstar 0.6956 ton
e _ Jostvsa Homey
=gm 0.5401 20170707
Crivan Stgtanary Wigua Fair polishing Savin Medears
Bearing {1401~ F TOATOTOT
1174} - q Jicesium ooy
Inner Clametar 0.695& o
. Joerias Hormey
=yl 0.5401 20170707
“Draaing Lmits an 3l bearing inner diamatars are 6957 - G957
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Post-100 hrs

Notes

Floating bearings show fair
polishing after 100 hrs.

Floating Bearings show expected
wear for after 100 hrs.

Stationary bearing faces show
fair polishing after 100 hrs.
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Stationary Bearings show typical
wear after 100 hrs.

Idler gear shows typical wear
_— and cavitation.
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Drive gear shows typical wear
and cavitation

Housing inlet: gear wipe extends
the entire inner diameter of each
bore. Housing wipe depth
remains the same after 100 hrs.

Housing discharge
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Appendix 10
Figures

Test Schematic

Figure 1.
=] P
R
]
WT-146334 T e BackprEssUre —+
Todal FE?:JEIIZT [
Flowmeter - R )
BUrs: DIk | | t
{1300 Pel) Heat
Test e |_,‘ Exchanger
Article Deita B Tank
* — |
h‘g !_! * Boost
Fulm
Torque T ume
Meter 4 10y
; LR
y : o=
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Test Mounting Orientation

Figure 2.

0 degrees
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Appendix 11
Mission Cycle
Test Cycle per Table 3; % Speed vs. Time

Percent Speed vs. Time

100
90
80
70
60
50
40 % Speed
30
20
10

% NG

0 100 200 300 400 500 600 700

Time (sec)

Test Cycle per Table 3; Fuel Flow vs. Time

Total Fuel Flow vs. Time

= Qtotal

Qtotal (gpm)
o] V%] =y ¥y} (=)} ~J o0} o
—c—

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

Outlet Pressure vs. Time

1000
900
800
700
600
500
400 e P

1 0 0000M0nMn/~M

Ps (psig)

300
200
100

0 100 200 300 400 500 600 700

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

Acronym
AFRL

APFEERD

BOCLE
CCP
DARPA
DOD
DTIC
EAR
ETF
ITAR
R4RQ
RQ
RQT
RQTF
USAF
UTC
WPAFB
WSD

Description
Air Force Research Laboratory

Airbreathing Propulsion Fuels and Energy Exploratory Research
and Development (APFEERD)

Ball-On-Cylinder-Lubricity-Evaluator
Commercial Cartridge Pump

Defense Advanced Research Projects Agency
Department of Defense

Defense Technical Information Center
Export Administration Regulation
Environmental Test Facility

International Traffic in Arms Regulation
Research for the Aerospace Systems Directorate
Aerospace Systems Directorate

Turbine Engine Division

Fuels and Energy Branch

United State Air Force

Universal Technology Corporation
Wright-Patterson Air Force Base

Wear Scar Diameter
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