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uﬁ3000 psi, MIL-H-5606 fluid system identified a numher of rod seals and

scrapers which gave improved performance when compared to a basaline rod
seal of MS28774 backups/M83461/1 0-ring or a MS28776M scraper. The rod

seal tests evaluated backup rings, single stage, and two stage rod seals
of many configurations. Scrapers were tested in an AC coarse test dust

environment at 170 to 19C°F. "

Principle conclustions for rod seals are that two stage unvented rod
seals offer a significant reduction in ieakage when compared to any single
stage rod seal., With the use of a high performance backup »ing, O-rings
are capable of withstanding the equivalent of 5 years service 1ife in FBW
mechanical duty cycles. Single stage rod s2als with rubber in contact
with the rod leak much less than those with plastic in contact with the
rod. Four different two stage rod seal systems were identified which
gave no measurable external leakage in %ests,

Five plastic and one bronze scraper were tested which allowed less
transmission of contaminant to the rod seal than the M$28776M baseline.
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PREFACE

: This final report was prepared by Vought Corporation, Dallas,
Texas, under USAF Contract F33615-73-C-2027. The contract work was
performed under Project 31453026 under the direction of Air Force Wright
Aeronautical Laboratories, Aero Propulsion Laboratory. TheAFroEram was

administered by Mr. William B. Campbell, Project Engineer, AFWAL/POOCS.

In an applied research program of this magnitude, the technical
skil1s and cooperation of many people are required. Mr. G. K. Fling gave
technical direction for execution of the program. W. V Brewer performed
all typing and word processing. Mr. M, K. Allen designed the test fixture
and My. J. A. Bird designed the test system hydraulic setups as well as
supervised and assisted the technicians in performance of the tests.

; Principal technicians were Mr, L. C. Cook and Mr. T. Coates. Fabrication
b of end caps and piston rods was under the supervision of Mr. W. T

: McLaughlin. Eleven manufacturers of seals and scrapers participated with
: recommendations and test samples. Major etforts in time and materials
were made by C. E. Conover Co., Greene, Tweed Co., W. S. Shamban Co.,
Tetrafluor Inc., Dowty Seals Ltd, ana Parker Packings. The author wishes
to express appreciation to these recognized and others who cooperated.

z The discussion of materials or test specimens by brand names or

: suppliers in this report is in no way to Le taken as an endorsement or

n criticism by the government. In some instances, the items werc or may

; have been subjected to conditions exceeding those recommended. The

. government incurs no 1iability or obligation to any supplier from the
information included in this report.
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DYNAMIC SEALS FOR ADVANCED HYDRAULIC SYSTEMS

1. INTRODUCTION

External leakage accounts for approximately 96 percent of ail
primary flight control actuator removals in current airciaft. Relaxed
static stability, in aircraft design, causes an increase in actuator
activity which demands that better dynamic seals be found.

Fly-By-Wire (FBW) control systems are usually adopted so that the
airplane can be designed with relaxed stability. One of the penalties is
that increased relfance is placed upon the artificial stabilization
system. Also, a fly-by-wire system implies the probable use of a much
Targer number of electro-hydraulic valves than would be found in a
conventional system. Total FBW valve neutral leakage plus leakage of any
power valves possibly will cause the system to operate hot. Adequate heat
exchanger design and use of elastomers truly compatible with system
temperatures will be required.

The FBW actuator is usually a larger, more complex piece of
equipment than actuators used in the past. The maintenance man hours
required for removal and replacement is expectud to be greater than that
of conventional actuators. As the complexity !:icreases, the number of
seals increase, increasing the probability of leakage. Therefore, sealing
improvements are required to meet relfability requiwements. With reliable
test data which indicates a themal 1ife of 1000 hours at +275°F for
MIL-P-83461 elastomer plus knowledge of endurance spectrum versus flight
hours and actual flight hours per year, the time may come when overhaul
intervals for hydraulic seals may be predicted and used in life cycle cost
studies to establish decision criteria for trade offs of cost of initial
manufacture versus cost of overhaul.

Power control actuators have traditionally had manual inputs from
the pilot's stick or foot pedals, or by a series electro-hydraulic
actuator, which is controlied by selection of auto pilot, stabiitzation,
or control augmentation modes. These flight control actuators would
normally be qualified to efither 2 x 106 or 5 x 106 cycles depending
upon whether they were classified as manual {input actuators or autopilot
actuators, respectively. Fly-by-wire (FBW) control systems can add to
these qualification test requirements by imposing thousands of dither

cycles.
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Therefore, the goal of this program was to establish and
demonstrate improved seal technology, by analysis and test, which will
provide long service 1ife actuators for FBW systems. The tasks identified

to achieve this goal were:

User Industry Survey
Seal Industry Suivey
Fly-By-Nive (FBW) Control System Study

Backup Ring Screening Tests

Scraper Sreening Tests
Single Stage Rod Seal Screening Tests

Two Stage Rod Seal Screening Tests
Long Life Tests

A1l backup rings, scrapers, and seals were selected and tested
for application in a 3000 psi, -65 to +275°F, MIL-H-5606 Hydraulic Fluid
System. This report covers results of woik conducted in the time period

1 July 1978 through 31 March 1981.
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2.0 RESULTS OF SURVEYS

2.1 User Industry Survey

In order to gain current information on problems and service
experience with a number of seal materials and configurations, a survey
was conducted and analyzed. The information gained was considered in the

selection of seal candidates.

The survey was mailed to seventeen persons in the aircraft

industry who are knowledgeable of seal performance or active in seal
design. Two surveys were drafted. One was oriented toward airframe

manufacturers and the other toward the airline {industry. There were
fourteen responses to the survey. A summary of the responses gave these

results.

a. Only four responses had conducted tests on scrapers.

b. MNine scraper designs had been used with varying results.
MS28776 scrapers were rated good to excellent by 6 responses.

¢. Four responses mentioned the imbedment of metal particles
and abrasfve contamination in TFE seals as a factor in leakage and wear of
piston rods.

d. Two stage vented seals were rated good to excellent by all
responses.

e. T-seals received good to exzellent ratings from nine
responses.

f. MIL-G~5514 glands were used exclusively. Modifications
mentioned were for control of squeeze, to increase seal/groove occupancy

or for installation of special seals.

g. TFE cap seals as a group were rated fair to good.

h. MS28774 backups with MS28775 O-rings were rated fair to good
by 10 responses.

i+ Airline users reported leakage and elastomer wear/extrusion

as predominant evidences of failure at overhaui.
J. Seven bushing materials were used. Aluminum-bronze was
mentioned by seven responses.

Appendix A is a compilation of the User Industry Survey Results.
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2.2 Seal Industry Survey

Because the temperature, pressure, and fluid requirements of this
program are common to a number of aircraft fluid systems in operation with
the difference being the endurance spectrum, inputs from the seal industry
were sought in order that the widest possible spectrum of materials and
configurations might be considered. Also, there were products available
for industrial applications which appeared to have potential for aircraft
use. Information and recommendations from the seal industry was requested

by means of a mini-specification.

The specification was mailed cut to nineteen seal manufacturers.
Ten responses of literature, catalogues, or direct presentation of
candidates were received. Cooperation by the participating vendors was
excellent. The candidates were evaluated for potential performance with
respect to temperature, wear, installation, producibility, and other
factors. Based upon this evaluation, candidates were selected for the

screening tests.
2.3 Fly-By-Wire (FBW) Control System Study

With the introduction of production aircraft with FBW control
systems, the probability of future afrcraft with FBW control systems is
increased. The type of mechanical environment actuator seals will be
exposed to is not well known nor widely disseminated. The aircraft
industry anticipated that the number of cycles seals would see in FBW
actuators would be higher than for manual control systems with automatic
flight control inputs, but the actual total cycles and the distribution of
the percent ampiitude was not known. Therefore, a ealistic FBW endurance

spectrum is needed.

A requirement of this program was to determine a realistic
endurance spectrum for actuators in a FBW control system. The spectrum
was derived by analyzing data {rom a number of sources. Flight test data
from several aircraft of UHT surface position versus time was ultimately
used to determine the spectrum in chis report.

The endurance spectrum study was completed and the spectrum,
which corresponds to a 4000 hour aircraft life, 15 as follows:

Percent Stroke Total Cycles

1.0 3.62 x 107

2.0 3.50 x 106
10.0 2.50 x 105
50.0 4.00 x 104
100.0 1.00 x 104
40.0 x 106
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A cycle is defined as one-half the percentage stroke to retract,
the full percentage stroke to extend, and one-half the percentage stroke

to retract to the original starting point.

The percent stroke from the data received is defined as the
measured stroke divided by the total working stroke from full trailing
edge down to full trailing edge up.

An accounting of the data recefved and its disposition is as
shown on Tabie 1.

The endurance spectrum was derived using the following plan:

1. The data traces of horizontal tail position versus time were
Each clearly definable movement of the surface was recorded by

analyzed.
The elapsed time for the data was determined.

surface position.

2. The surface positions were tabulated and the change in
positions for each movement was calculated to give a “stroke".

3. The strokes were grouped by magnitude and counted.

4. F16 Mission Profile Data, Table 2, was used to prorate the
number of occurrences of each percent of stroke from the elapsed time for
the data to the number of occurrences which will occur in 4000 hours of

aircraft 1ife using the following formula:

Ka000 Kdata X 2000
data
Where K4000 = no. of occurrences in a 400C hour life.
Kdata = no. of occurrences counted in data.

ta000 ° total time particular mission profile
occurred i1n 4000 hours.

tdata elapsed time for data counted.

For example, from Table 2, the total time spent out of 4000 hours for
landing, take off, or touch-and-go runs is 115.45 hours. From the
Fly-By-Wire (FBW) F8 UHT data (Table 4), the number of 1.54 percent

strokes in 53.48 minutes of data was 462.

K4000 = 462 x 115.45 hr. x 60 min
53.48 min hr.

K4000 = 5,98 x 104 strokes of a magnitude of
1.54 percent of total stroke
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5. Next the total number of accumulated strokes in 4000 hours
wa3 calculated by adding the number which resulted from take-off and
landing, supersonic flight, subsonic flight, and air-to-ground weapon
delivery as shown in the following tabulation.

A P

Total Total

Mission Profile tdata - sec Kpata  t4000 hr K4000

(from Table 2)
Take Off; Land; 3208.8 2479 115.45 3.21 x 105
Touch and Go
Supersonic 19 162 207.4 6.37 x 106
Subsonic 16 90 3458.6 70.04 x 106
Afr-To-Ground Weapon
Delivery 394.8 1508 216.9 2.98 x 106

3998.4 79.71 x 106

Since, by definition 1 cycle = 2 strokes the total endurance
spectrum consists of:

79.71 x 10672 = 39.86 x 106 = 40 x 106 cycles

6. After lcoking at several methods to determine percentage
strokes to be usad to constitute the spectrum, an extension of MIL-C-5503C
was selected, giving the test-points as 100, 50, 10, 2, and 1 percent of
total stroke. The lower 1imit of 1 percent vias established recognizing
the increasing difficulty in achieving and repeating a very small stroke.
For example, 1 percent of a 2 inch strocke actuator would mean being able

to achieve and repeat a +.01 inch cycle.

7. To determine the total cy-les at each test point, the data
was divided so that data which included percentage strokes less than or
equal to a test pr~int are counted as acurring at the test point. Ffg an
example the FBY r16 supersonic data snown balow has percentage strokes as
Tow as 0.2 per.ent. Therefore, all strokes between 0.2 percent and 1.0
percent are counted as 1 percent in the enduramce spectrum. Similarly,
the percentage strokes occurring above 1 percent up through 2 percent are
counted as 2 percent strokes in the enduranc: spect:rum.

L S e I e T

Lo R Sttt b it e SRR Mt st 500 1o 5 i i s S




Count as

1 percent in
endurance
spectrum

Count as

2 percent in
endurance
spec trum

Occurrences in 4000 hr. 1ife
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to show pictorally, the adjustments to the observed data.

105
104
104
104
104

The largest stroke seen in the data was 20.85 percent.
Since two important test points are 50 and 100 percent of stroke, the
difference between 39.89 x 106 and 40 x 106 cycles was filled in by
apportioning cycles to the 1, 50 and 100 percent cycles unti) the total was

40 x 106 cycles.

Table 3 summarizes the adjustment to data and the final spectrum

Tables 4 through 6 give the stroke data used to derive the
endurance spectrum.
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E TABLE 1. ACCOUNT OF ENDURANCE SPECTRUM DATA i
. DATA DISPOSITION
§ 1. NASA, FBW F8; touch and go Data analyzed and used to derive the 'Q
? landings, time history of endurance spectrum. 1
[ UHT position. 5
ﬁ 2. F1l1]; air to ground weapon Data analyzed and used to derive the i
} delivery, time history of endurance spectrum. See Note 1 below.
g UHT position. I
i 'J
i 3. Fl6; supersonic flight, time Data analyzed and used to derive the i
& history of UHT position endurance spectrum. |
ﬁ 4, F16; sussonic flight, Yime Data analyzed and used to derive ’ }
E? history of URT position the endurance spectrum. g
%' 5. C5; complete endurance spectrum Data reviewed but not used (See Note ﬁ
\ inboard elevatcy, Active Lift 2). Percentage strokes below 2 percent :
ﬁ' Distribution Control System are not shown.

6. SST (Boeing); complete endurance Data reviewed but not used (See Note
spectrum, ridder 2). Pementage strokes below 2 percent
are not shown.

7. F18, complete endurance spectrum Data reviewed but not used (See Note
flight control actuators 2). Percentage strokes below 2 percent
are not shown

8. Fll11, complete endurance spectrum Data reviewed but not used (See Note
UHT servo input 2). Servo valve position does not
always correspond to surface position.
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Note 3. The F11il pitch system is a high authority command augmentation system
and ' estimated to be very simiiar if the F11l was total fly-by-wire.

2. A derived endurance spectrum was supplied by the airframe
manufacturer. However, because the data was not actual time history

of surface position versus time, 1t was not possible to incorporate @
this data intc the derivation of the fly-by-wire endurance spectrum j
for this program. 4
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Mission

1.

»
-

5

6

>

8.

9.

Training -
Transition

Training - Inst.
NAV/Refueling

Training - ACM/
Tactics

Training - A/A
Gunnery

Training - A/G
Weapon Deldv.

Combat - A/A
Fighter Sweep

Combat - A/A
Fighter Escort

Combat - A/A
Intercept

Combat - A/G
Close Air Supp.

10. Combat ~ A/G

Interdiction

11. Ferry

TABLE 2. F16 MISSION PROFILE DATA

T.0.; Land

12. Funct. Flight Check 6.7

Note:

TOTAL IN 8000 HR

TOTAL IN 4000 HR

From this breakdown, time history data from the FBW F-8 was
proportioned to the Take Off, Land, or Touch and Go time in 4000
hours. Time history data from the F-16 was proportioned to the

Or Touch
and Go Subsonic  A/G Weapon Supersonic Total
- HT‘. F‘t - HY‘ 091 - Hl”- F]t - HY‘. HOU?‘S
22.7 IN.7 0.0 13.6 408.0
66.7 733.3 0.0 0.0 800.0
26,7 1333.3 0.0 240.0 1600.0
18.4 172.8 0.0 18.4 809.6
24.5 a7 368.0 0.0 809.6
6.8 797.9 0.0 11.3 816.0
.7 783.2 0.0 14.7 809.6
24.0 302.4 0.0 76.8 403.2
9,6 323.2 51.2 0.0 384.0
8.8 381.3 14,7 0.0 404.8
4.3 347.7 0.0 0.0 352.0
353.3 0.0 40.0 400.0
230.9 6917.2 433.9 414.8 7996.8
115.45 3458.6 216,95 207.4 3998.4

Subsonic and Supersonic time in 4000 hours and the F111 pitch syctem
time history data w.s proportioned to the A/G Weapon Delivery in 4000

hours to determine the total numbers of cycles in 400C hours.
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TABLE 4. FBW F8 UHT STROKE DATA
(Take Off, Land, Touch and Go)

%. PERCENT {
3 STROKE NO. IN 53.48 MIN NO. IN 115.45 HR
- J

~ 0.77 998 129266 3
] 1,54 462 59841
2.32 229 29661 1
3.09 195 25257 1
3.86 124 16061 1
4.63 105 13600 Y
: 5.40 78 10103 4
: 6.18 74 9585 !
6.95 57 7383 5
7.72 39 5051 i
f‘, 8.49 28 3627 2
g 9,27 24 3109 1
10.04 17 2202
-L 10.81 13 1684 ]
s 11.58 5 648 b

12,36 8 1036 2
13.13 6 RAj P
13,90 1 130 q
14.67 4 518 L
15.45 2 259 »
16.22 2 259 »
16.99 2 259 »
17.76 2 259 ‘
18.53 0 0 3
19.31 3 389 *
20,08 0 0 ;
20.85 1 130 |
2879 1
|
i
i

!
i
K
S
A
"l
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. TABLE 5. FBW F16 UHT STROKE DATA
. (Supersonic and Subsonic Flight)
PERCENT SUPERSONIC FLIGHT SUBSONIC FLIGHT ) d
f‘ }
f‘ 0.2 a4 1729061 45 35018325 3
i §
k, 0.4 40 1571874 22 17120070 o
: 0.6 4 1611171 6 4669110 !
0.8 19 746640 6 4669110 j
1.0 4 157187 4 3112740 !
1.2 9 353672 4 3112740 3
‘ <
‘ 1.4 1 39297 1 778185 ' 1
}. ‘ ',
- 1.6 2 78594 1 778185 i
1.8 2 78594 0 0 | ’i
2.0 4 0 1 778185 g
2.0 16¢ 6366088 90 70036650 i
5
1
!
i
|
N
¥
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; TABLE 6. F11l1 UHT STROKE DATA
{ (Afr to Ground Weapon Delivery)

T SRR T T RS R [T T e

Compentn

: Percent No. in No. in Percent No. in No. in
: Stroke 6.58 min 216.95 hr  Stroke 6.58 min.  216.9 hr
: SLroke
3 .05 28 55391 2.458 9 17804
-n 112 106 209696 2.514 3 5936
167 69 136500 2.570 7 13848
| .223 97 191892 2.626 3 5935
.279 42 83087 2.682 5 9891
; .335 86 170131 2,737 4 7913
.3 391 41 81109 2.793 7 13848
; .447 80 158261 2.849 2 3957
" .502 31 61326 2,905 5 9891 -
, .558 68 134522 3.017 4 7913 :
: .614 0 53348 3.073 1 1978 -
i .670 64 126609 3.128 3 §935 1
! 726 39 77152 3.185 1 1978
: .7182 65 128587 3,281 8 15826 k|
g’ .838 32 63305 3.29 1 1978 1
.893 58 114740 3.352 2 3987 M
.949 28 49457 3,408 3 5935 A
1.005 41 81109 3,464 6 11870 t
1,061 15 20674 3,576 4 7513 .
1.117 36 71218 3.631 1 1978 3
1.173 27 53413 3,687 1 1978 4
1.229 28 55391 3.799 4 7913 ‘
1.285 15 29674 3.855 2 3957 i
1.341 25 49457 3.911 3 5935 Y
1,397 15 29674 3,967 2 3957 .
1,452 33 65283 4,022 3 5935 ?
1.508 10 19783 4.134 1 1978
1.564 21 41544 8,246 1 1978 S
1.620 6 11870 4,358 1 1978
1.676 22 43522 4.414 1 1978 !
¥ 1,732 14 27696 4,469 0 0 ]
1.788 14 27696 4,581 2 3357
1,844 6 11870 4,861 1 1978
1,899 17 33631 5.028 1 1978
1,955 10 19783 5,252 1 1978
2,011 23 45500 5,307 1 1978 g
2.067 2 3957 5,363 1 1978 i
2.123 17 33631 5,587 2 3957 3
2,179 7 13848 5,698 2 3957 %
2,235 12 23739 8,045 1 1978 1
2.290 5 9891 1508 2983227 o
2.346 12 23739 i
2.402 4 7913 %
4
-13-
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3. SCREENING TEST RESULTS

3.1 Backup Rings

A total of 30 configurations were tested in four separate tests.
Efighteen candidates were tested in the initial backup screening tests,
from these 18, eight were included in further evaluation during the
s.raper screening tests. Two of these candidates, one with an improved
maierial, were evaluated in the Long Life Test. Upon conclusion of the
Long Life Tests, 12 additional candidates were tested in the time
remaining to determine if trends noted in earlier tests could be
confimed. Test conditions and number of endurance and impulse cycles
will be stated prior to each group of backups.

Table 7 tabulates the characteristics evaluated in each backup
candidate.

Table 8 summarizes the backup ring screening test results.

Table 9 classifies backup candidates into four categories
according to O-ring condition. It shows that six candidates - B3, B8, B9,
B20, B23, B22 and B35 allowed no O-ring damage in at least one test.

Unless noted, the following candidates were subjected co 3.17 x
106 cycles dynamic cycling accomplished in blocks which had Eroportions
of cycles in acvordance with the FBW endurance spectrum. 0f1 temperature
was 275°F, ambient air was 275°F. The candidates had constant 3000 psig
applied during cycling. A total of 78578 impulse cycles of 0 « 4500 psig
were applied by application of 4545 cycles after each day's dynamic
testing. Conditions for evaluation during the scraper screening tests
were the same except box ambient was 170 to 190°F, no impulse pressure
cycling was applied, and 3.3 x 106 endurance cycles were accomplished.

-14-
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Candidate Rackup

TABLE 8. SUMMARY OF BACKUP RING SCREENING TEST RESULTS

Bl (S)
B8l (A)
B2 (S)
B3 (S)

Total
CONDITION Leakage No. Mechanical Diametral

0-Ring drops Cycles Clearance Test
MW F 8 3.17 x 106 .0038 BS
MW G 0 3.17 x 106 .0036 BS
LW G 5 3.17 x 106 .0039 BS
LW E 0 3,17 x 106 .0033 BS
MW F 3 3.17 x 106 .0042 BS
MW P 12.4ml 3.17 x 106 .0042 BS
SW P 4 3.17 x 106 .0032 BS
SW E 0 3.17 x 106 .0032 BS
LW E 0 2.59 x 106 .0025 BS
MW P 4 3.17 x 106 .0027 BS
LW p SR 226077 .0030 BS
SW F 0 3.17 x 106 .0024 BS
MW p 11 3.17 x 106 .0030 BS
SW p LF 1.43 x 106 .0035 BS
SW F 0 3.17 x 106 .0033 BS
LW E 3 3.17 x 106 .0028 BS
MW p 15 2.76 x 106 .0032 BS
LW E 4 1.63 x 106 .0035 BS
LW E 2 3.30 x 106 .0039 SS
LW G 0 3.30 x 106 .0040 SS
LW E 2 3,30 x 106 .0034 SS
LW G 3m 3.30 x 106 .0031 SS
LW p 0.6 m 3.30 x 106 .0046 sS
MW P 92.5 m1 3.30 x 106 .0043 SS
LW E 1 3.30 x 100 .0030 SS
LW F 2.1m 3.30 x 106 .0049 SS
LW E 7,95 ml 13.31 x 106 .0030 LL
S F 2.45 ml 13.31 x 106 .0030 LL
LW E 0 13.31 x 106 .0029 LL
SW F 141,25 m1 13.31 x 106 .0027 LL
S G 217.2 m1 13.31 x 106 .0030 LL
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TABLE 8. CONTINUED

Total
¢ CONDITION Leakage No. Mechanical Diametral
- Candidate Backup ~  D-Ring drops Cycles Clearance Test f
i B23 (S) MW E 10 3.37 x 106 .0040 AS ]
Bl (S) MW p LF 2.08 x 106 ,0043 AS 3
B24 (S) LW G 0 3.37 x 106 0047 AS 1
| B25 (A) LW P NA 3.37 x 106 .0045 AS g
B26 (S) LW P SR 242397 .0041 AS a
B27 (S) LW P LF 1.49 x 106  ,0033 AS g
! B28 (S) LW G 6 3,37 x 106 0032 AS 3
B29 (S) MW G 6 3.37 x 106 .0043 AS A
. B30 (S) LW G 2 3.37x 106 .0041  AS §
2 B31 (S) MW P LF 3.37 x 106 0045 AS A
; B32 (S) LW P SR 1.52 x 106  ,0037 AS 1
B33 (S) LW P 1 1.85 x 106 0031 AS 3
B34 (S) LW G 2 1.29 x 106  ,0043 AS ii
Test Legend: BS = Backup Screening %
SS = Scraper Screening R
LL = Long Life 3
AS = Additional Candidate Screening e
/
Performance Legend: E = Excellent o
y G = Good ; %
F = Fair ' L
P = Paor i
SW = Severe Wear A
MW = Moderate Wear i
: LW = Light Wear
- LF = Leakage Failure > 300 mi
» SR = Scored rod, not fault of candidate
B (S)= Cres end cap
. (A)= Aluminum bronze end cap
NA = Not available

-18-




TABLE 9. RATING OF BACKUPS BY O-RING CONDITION

O-RING
CONDITION IACKUP INSTALLATION CODE AND NOTE(S)
EXCELLENT - B3 2R; 1ss4
No O-ring B8 5R3; 3554
Damage B9 6L
820 7L
B22 5L5; 7554
B23 4 AS
B35 1LL; 6LL
GOOD - Bl (2sS, 3SS, 4§s 5SS, 7SS, 855)2 2Ll
Some Abrasion 4As. 6AS)2s9; 4LL, 2SSi»
or Very Little B2 1R
Nibbling of B20 4554
0-ring B24 3 AS
B28 1 AS
B29 8 AS
B30 1 AS?
B34 2 ASS
FAIR - Bl (1SS, 6SS)2s4; 1L; 7AS2s5
Moderate B4 3L
Abrasion or B9 §ssh
Nibbling of B16 8L
0-ring B19 8R
B35 sLLl
B22 2LL
j POOR - B1 (2AS, 2AS, 3AS, 3AS, 4AS, 5AS, 5AS,
z Severe 6AS, 7AS, 7AS)2; 2AS
Nibbling B5 5554: 3R
and Damage B6 4L
: to O-ring B10 6R
: B15 7R
( B17 4R
: B18 5L
é B21 7R; 6554
| B25 5AS
; B26 6AS
: B27 7AS
g B31 8AS
! B32 6AS
: B33 7AS
: 1

¥
b
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TABLE 9. RATING OF BACKUPS BY 0-RING CONDITION {CONTINUED)

L2 NLTES: 1. Installed in AL-Bronze end cap.

i 2. Installed in lug end of cylinder during scraper tests.
i 3. Backup was severcly worn.

b 4. Not tested with impulse pressure.

@ 5. Was not installed for all of test.

i

INSTALLATION CODE IN PARENTHESIS:

S SIS

-2L
-3R

-2 assy, lug end, backup tests.
-3 assy, rod end, tackup tests.

T

nouwop Ny

E -6SS = -6 assy, scraper tests, rod end unless noted.
o -5AS = -5 assy, additional screening test, rod end unless noted. ,
ﬁf -4LL = -4 assy, Long Life Test, rod end.
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Candidate Bl; MS28774-214 (Baseline)

COREERIT

ASSEMBLY: No. 1 lug end, per 17-4PH end cap; No. 2 lug end,
AT -bronze end cap, No. 2 rod end on retest.

CHARACTERISTICS EVALUATED: Std thickness, ciearance ID fit,
unfilled TFE, scarf cut, rectangular shape.

T TR -

MATERIAL: Unfilled TFE
L CONFIGURATION: See Figure 1. t = .045/.052, w = .118/.120,

e e et = s = s s e =

i ™ = 1.015 /1.017

%: RESULTS: Tested in a 17-4 PH CRES end cap and also in an

i aluminum bronze end cap.

i CRES END CAP: See Figure 30. The backup sample in the CRES end

cap exhibited moderate to heavy wear. The rod exhibited very 1light wear.
The 0-ring was nibbled on the 0D and ID. Diametral clearance was .0038.

Leakage was 8 droos in 1000 cycles.

ALUMINUM-BRONZE END CAP: See Figure 31. The backup sample in
the aluminum-bronze end cap exhibited moderate wear. The O-ring was not
damaged. No leakage was observed in 1000 cycles. Diametrical clearance

was .0036

Candidate Bl was retested in the aluminum-bronze end cap during
the scraper screening tests. See Figure 32. Diametral clearance was
.0044. The backup showed some evidence of wear. The O-ring showed some
abrasion and evidence of twisting. Very 1ight wear of rod occurred with
both installations in aluminum-bronze.

T

(R A T

FIIRRETE

1 Candidate B2; $32974 -214-18
] ASSEMBLY: No. 1 rod end

CHARACTERISTICS EVALUATED: Thickness, interference ID fit,
materfal, uncut, rectangular shape

MATERIAL: Code 18 (W. S. Shamban)

B¥PE SN XS54

CONFIGURATIONé. See Figure 2. t = ,060/.064, w = .122/.124,

RESULTS: See Figure 33. The backup exhibited moderate to
minimum wear. —The O-ring showed some wear/nibbling on the ID. Upon
completion of tests, the seal had 5 drops leakage in 1000 cycles.
Diametral clearance was .0039 inches. The rod exhibited 1ight wear.

=21-
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Candidate B3; $32975-214-18

ASSEMBLY: No. 2 rod end; No. 1 rod end on retest.

CHARACTERISTICS EVALUATED: Thickness, interfererce 1D fit,
materfal, uncut, trapezoid shape.

MATERIAL: Code 18 (W. S. Shamban)
CONFIGURATION: See Figure 3. t = ,075/.080, W = ,108/.113,

RESULTS: See Figure 34. The backup exhibited minimum
wear. The 0-ring was not damaged. The seal had zero leakage in 1000
cycles. Diametral clearance was .0033 inches.

This backup was retested for 3.30 x 106 cycles. See Figure
35. Results were identical to the first test. Diametral clearance on the
retest was .0039 inches. Total measurable leakage was 2 drops for the
entire test. The rod exhibited a very 1ight wear pattern after each test.

i§ Candidate B4; CEC 5065-214
ASSEMBLY: No. 3 lug end.

CHARACTERISTICS EVALUATED: Thickness, interference 1D fit,
materfal, uncut, rectangulur shape.

MATERIAL: Revonoc 18158 (C. E. Conover)
¥ CONFIGURATION: See Figure 4. t = .060/.064, w = .118/.120,

i
8 [

& RESULTS: See Figure 36. Tested as a single stage backup.

' The backup exhibited some wear and extrusion. The 0-ring exhibited damage
on both the OD and ID. The installation had .0042 in. diametral
clearance. Leakage was 3 drops in 1000 cycles. Very 1ight acceptable
wear of rod occurred.
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Candidate B5; CEC 5062-214NC
ASSEMBLY: No. 3 rod end; No. 5 rod end on retest

e

T AT

CHARACTERISTICS EVALUATED: Double thickness, interference
ID T1t, material, uncut, square shapo.

MATERIAL: Revonoc 18158 (C. E. Conover)
CONFIGURATION: See Figure 5. t = ,122/.126, w = .118/.120,

oL

T T T T

RESULTS: See Figure 37. Wear of the backup was moderate.
The rod chrome plate was severely worn. The O-ring exhibited nibbling
around the ID plus delamination of the upstream side. Leakage was 12.4 cc
in 1000 cycles. Diametral clearance was .0042,

T T TR T T T

This candidate was retested and completed 3.30 x 106 cycles.
See Figure 38. Total leakage was 0.6 ml. Diametral clearance was .0046
n inches. The O-ring exhibited nibbling. The backup exhibited very 1ittle
\ wear. The rod had 11ght acceptable wear.

b Candidate B6; TF855-214 and CEC 5083-214 Two Stage Backup
ASSEMBLY: No. 4 1ug end

. CHARACTERISTICS EVALUATED: Two stage, interference ID fit,
material, uncut.

MATERIAL: Outboard-Polyimide (Vespel SP-1); Inboard -
UnfiTTed TFE.

CONFIGURATION: See Figure 6
Outboard: t = .063 we=,121 ID = ,996
Inboard: t = ,048/.052, w = ,118/.120, ID = .994/.996

|
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RESULTS: See Sigure 39, The TF855-214(outer) backup had
minimum wear. “The virgin TFE (inner) backup had moderate to severe wear.
The 0-ring exhibited damage on both the 0D and ID. The assembly had 4
drops leakage in a 1000 cycle leak test on conclusion of screening tests.
Diametral clearance was .0032 inches. The rod exhibited a moderate wear
pattern around the circumference.
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Candidate B8; DB12-02-214
ASSEMBLY: No. 5 rod end; No. 3 rod end on retest.

CHARACTERISTICS EVALUATED: Interference 1D fit, uncut,
triangle shape

MATERIAL: Unf{lled TFE
CONFIGURATION: See Figure 7. t = N,A., w= ,095/,109, ID =

RESULTS: See Figure 40. The backup exhibited severe wzar

and extrusion To the point of almost being consumed. The O-ring was not
damaged. No leakage occurred in a 1000 cycle test upon conclusion of the

sc reening tests. Ofametral clearance was .0032.

This candidate was retested for 3.30 x 106 cycles. See Figure
41. The backup exhibited very 1ittle evidence of wear. The O-ring was
not damaged. Diametral clearance was .0034. Total leakage was 2 drops.

Candidate B9; MS27595-214 (CEC 5060-214)
ASSEMBLY: No. 6 lug end; No. 8 rod end on retest

CHARACTERISTICS EVALUATED: Std thickness, clearance ID fit,
uncut, rectangular shape.

MATERIAL: Unfilled TFE

CONF IGURATION: See Figure 8, t = .048/.052, w =
, 10 = 1.001/1,005.

¢ *

RESULTS: See Figure 42. Completed 2.59 x 106 :ndurance

cycles and 64200 TmpuTse cycles at conclusion of test. The backup had
minimum wear. The O-ring was not damaged. The seal had no leakage in
1000 cycles. Diametral clearance was .0025. The ID of this backup was
1.005 on 1nftial installation. The ID had adjusted to the .9977 0D of the

rod when removed upon conclusion of testing.

This candidate was retested for 3.30 x 106 cycles. See
Figure 43, Diametral clearance was .0049. The O-ring exhibited slight
nibbling and some wear. The backup ID had reduced to conform to the rod

0D of .9964 inches.
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Candidate 810; TF881-214

ASSEMBLY: No. 6 rod end.

CHARACTERISTICS EVALUATED: Interfaramce ID fit, material,
uncut, concave shape

MATERIAL: Tetralon 720
CONFIGURATION: See Figure 9. t = ,082, W = ,121, ID = ,994

RESULTS: See Figure 44. The backup hod minimum to moderate

wear. The O-rTng had uniform nibbling around the IC. 4 drops of leakage
occurred during 1000 cycles., Diametral clearance was .0027.

Candidate B15; TF855-214

ASSEMBLY: No. 7 rod end.

CHARACTERISTICS EVALUATED: Thkickness, interference ID fit,
materfal, uncut, rectanguTar shape.

MATERIAL: Polyimide (Vespel SP-l1)
CONFIGURATION: See Figure 10, t = ,063, w= .121, ID = ,996

RESULTS: See Figure 45. Removed after 226077 endurance

cycles and 560% TmpuTse cycles when end cap scored piston rod at two
localized points. Backup had minimum wear. 0O-ring had severe nibbling at

two points correspcnding to rod scoring pius nniform nibbling around 1D.
D ametral clearance was .0030.

Candidate B16; CEC 5083-214

ASSEMBLY: No. 8 lug end

CHARACTERISTICS EVALUATED: Std thickness, interference ID
T1t, uncut, rectangular shape.

MATERIAL: Unfilled TFE

CONFIGURATION: See Figure 11, t = .048/.052, w =
. . 120, I0= .994/.996

RESULTS: See Figure 46. The backup had moderate to heawy
wear and extrusion. O-ring was nibbled on the ID and showed evidence
of being twisted. No leakage was reported in 1000 cycles. Diametral

clearance was .0024,
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Candidate B17; CEC 5075-214NC

ASSEMBLY: No. 4 rod end.

CHARACTERISTICS EVALUATED: Thickness, interferemce 1D fit,
uncut, square shape.

MATERIAL: Unfilled TFE

CONFIGURATION: See Figure 12. t = ,122/.126, w =
. 120, = .994/.996

RESULTS: See Figure 47, Wear of the backup was moderate.

The 0-ring exhibited nibbling on the ID and OD. Leakage was 11 drops in
1000 cycles. Diametral clearance was .0030.

Candidate B18; CEC 5083-214

ASSEMBLY: No. 5 lug end.

CHARACTERISTICS EVALUATED: Two stage, interference 1D fit,
uncut.

MATERIAL: Unfilled TFE {nboard and outboard.

CONFIGURATION: See Figure 13

Inboard: t = .048/.052, w = .118/.120, 1D = ,994/.996
Outboard t = .048/.052, w = .118/.120, ID = ,994/.996

RESULTS: See Figure 48. Tested as a two stage backup with
both backup rings on one side of O-ring. Catastrophic failure at 1.43 X
106 endurance cycles. Backups exhibited severe wear on one side. The
0-ring extruded and blew out on the OD at one spot. Diametral clearance

was .0035.
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Candidate B19; TF830-214-1 and TF830-214-2 Two Stage Baskup

ASSEMBLY: No. 8 rod end.

CHARACTERISTICS EVALUATED: Two stage, interference ID fit,
material, uncut.

MATERIAL:

Inboard - Tetralon 720
Outboard - Polyimide (Vespel SP-1)

CONFIGURATION: See Figure 14,

Inboard = t = ,063 w=,120 ID = ,9385
Outboard = t = ,047 we 112 . 1D = ,995

* Reduced 0D on outboard backup to allow radial displacement
of backup with rod.

RESULTS: See Figure 49. The TF830-214-1 (outer) backup had

minfmum wear. ~The TF830-214-2 ({nner) backup flowed arcurd the 0D of the
outer backup and was pulling away on the ID. The O-ring was nibbled on
the ID. The assembly had zero leakage in 1000 cycles. Diametral

¢learance was .0033.

Candidate B20; TF1007-214-2 and TF1007-214-3 Twc Stage Backup
ASSEMBLY: No. 7 1ug end; No. 4 rod end on retest.

CHARACTERISTICS EVALUATED: Two stage, clearance ID fit,
materfal, spiral construction.

MATERIAL :
Inbosrd - Tetralon 700
Outboard - Glass/MySy £1lled TFE
CONFIGURATION: See Figure 15.

Inboard and Outboard t = .025/.029, w = .119/.121,
ID = 10000/0998

RESULTS: See Figure 50, Both backups exhibited minimum
wear. The O-rfng was not damaged. The assembly had 3 drops leakage in
1000 cycles. Diametral clearance was .0028.

This candidate was retested for 3.30 x 106 cycles. See
Figure 51, The O-rin% had some abrasion on the ID. The backups exhibited
minimum wear. Total leakage was 3 ml. Diametral clearance was .0031.
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Candidate B21; $33012-214-14
ASSEMBLY: No. 7 rod end; No. 6 rod end on retest.

CHARACTERISTICS EVALUATED: Heawy duty thickness,
Tnterferenca 10 T1t, T117ed material, uncut, rectangular

shape.
MATERIAL: Glass/MoS2 fi1ied TFE, W. S. Shamban Code 14.

CONFIGURATION: See Figure 16. t = .060/.064, w =
. 1187.120, U = .992/.996.

RESULTS: . See Figure 52, Completed 2.76 x 106 endurance
¢ycles and 6841% 1m§ﬁ1se cycles at conclusion of test. The backup ID had
worn to approximately .998 inches. The C-ring had nibbling on the ID and
had twisted in the groove. Leakage was 15 drops in 1000 cycles. Light
rod wear was evident. Diametral clearance was .0032.

T TR T R S T T

S PR AR L AT T L S

ﬁl This candidate was retested for 3.3 x 106 cycles. See B
?L Figure 53. Diametral clearance was .0043, Backup, O-ring, and rod b
fi condition were the same as in the previous test. Leakage was 92.5 mi for ,g
5 the entire test. The backup ID had worn to .998 inches. J
i

%ﬁ; . Candidate B22; CEC 4862-214NC

i ASSEMBLY: No. 5 Tug end; No. 7 rod end on retest. i
g CHARACTERISTICS EVALUATED: Two stage, {nterference ID fit, ]
g materfal uncut. q

MATERIAL: Inboard and Outboard ~ 18158 (C. E. Conover).

CONFIGURATION: See Figure 17. Inboard and Outboard: ¢t =
~U07.U64, W & .118/.170, 1D= .994/.996

1

|

, RESULTS: See Figure 54. Tested as a two stage backup with
both backups on one side of O~ring. Completed 1.63 x 100 endurance

cycles and 40400 impulse cycles at conclusion of tests. The backups

exhibited minimum wear. The O-ring exhibited no damage. No leakage was

onserved in a 1000 cycle Teakage test. ODfametral clearance was .0035,

,,: S o

ya3s,

This candidate was retested for 3.30 x 106 cycles. See
Figure 55. The O-ring ‘:as undamaged. Minimum backup wear occurred.
Total leakage was 1 dvop., Diametral clearance was .0030.

Er SR

—
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The following additional candidates were evaluated after
completion of the Long Life Tests. Unless noted, test conditions were as
follows: Inlet oil temperature 265 - 275°F, box ambient temperature 170 -
190°F. Constant 3000 psig was applied during endurance cycling. 3.375«x
106 endurance cycles were accomplished in blocks which had proportions
of cycles 1n accordance with the FBW endurance spectrum. A total of
111014 impluse cycles of 0 - 4500 psig were applied by application of 5000

tycles after each days dynamic cycling.
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Candidate Bl; MS28774-21 (Baseline)
ASSEMBLY: No. 2 Rod End

CHARACTERISTICS EVALUATED: Standard thickness, clearance ID
TTt, untilTed TFE, scarf cut, rectangular shape.

MATERIAL: Unfilled TFE

CONFIGURATION: See Figure 1. t = ,045/.052, w = .118/.12),

RESULTS: See Figure 56. Failed catastrophically after
2,083,452 endurance plus 86014 impulse cycles. The O-ring was uniformally
nibbled on the ID except for a .20 inch wide area where approximately
one-half of the O-ring cross section was missing. This severely damaged
area corresponded to 4 locally worn area on the ID of the backup which
agpears to have extruded sufficiently to allow the O-ring to blow out.
The piston rod had very 1ight wear. The backup had adequate overlap.
Wear of the backup cross section was .6 percent. Diametral clearance was
220??. ?tatic leakage was 2 drops. Dynamic leakage exceeded 300 ml

ailure).

Candidate Bl; MS28774-214 Rod Seals used with Scraper Screening

Taests
ASSEMBLY: Assemblies 1 thru 8, lug end.

CHARACTERISTICS EVALUATED: Standard thickness, ¢learance ID
» un e , scarf cut, rectangular shape.

MATERIAL: Unfilled TFE.
CONFIGURATION: See Figure 1.

RESULTS: See Figure 57. The rod seal used exclusively with
the scrapers during screening tests of scrapers has been an M83461/1-214
0-ring with MS28774-214 backups. These seals were not considerad to be
part of ihe backup ring candidates due to the fact they operated on the
contaminated rod end with the ¢-ew tester assembly. The performance of
thase backups should be considered to some extent due to the quantities
involved. Eight MS28774 backup installations were used in the first set
of scraper screening tests. Fourteen installations were made for the
screening tests on additional scraper candidates. The average diametral
clearance of the bore to rod on the first tests was .0039, but the seals
werc not impulse tested. No rod seal faflures occurred. The tests on
additional scraper candidates included 0-4500 impulse testing to aid in
evaluation of the backup candidates. Eight rod seal failures with MS28774
backups occurred. Average diametral clearance was .0041., Failures
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occurred at 1.52 mil1iion, 2.08 mi11ion, 2.27 million, and 2.70 million
cycles. When the chew testers were disassembled, O-rings and backups with
925700 cycles had begun to nibble and roll and failure was imminent on
another with 1.29 million cycles. Figure 32 shows the typical appearance
of MS28774-214 backups removed after 3.3 x 106 endurance cycles and no
impulse pressure testing. Temperature was between 170 and 220°F during
test. Figure 58 shows the typical appearance of MS28774-214 backups
removed after as little as 1.52 million endurance cycles and 660CO impulse

cycles.

Candidate B23; S32975-214-20

ASSEMBLY: No. 4 Rod End.

CHARACTERISTICS EVALUATED: Thickness, interference ID fit,
material, uncut, trapezoid shape.

MATERIAL: Code 20 (W. S. Shamban)
CONFIGURATION: See Figure 18. (Same as B3)

RESULTS: See Figure 59. The O-ring was undamaged. Rod wear was
very 11ght with what appeared to be a polishing off of high spots in the
grind marks in the chrome. Backup wear was moderate with 4.3 percent wear
of cross section. The ID had increased to .998 from .994 initially.
Diametral clearance was .0040., Dynamic leakage was 10 drops. Static

leakage was 0.

Candidate B24; CEC 5110-214
ASSEMBLY: No. 3 Rod End.

CHARACTERISTICS EVALUATED: Thickness, interference 1D fit,
material, uncut, rectangular shape.

MATERIAL: Revonoc 6200 (C. E. Conover)
CONFIGURATION: See Figure 19. (Same as B4)

RESULTS: See Figure 60. The O-ring had very Tight nibbling
on the ID and Ts classified as good condition. The backup ID had
increased to .998 from .994 when new. Cross section wear was low with 1
percent reduction. Rod wear was very l1ight. The appearance is that of
polishing off the high spots in the grind marks in the chrome plate.
Diametral clearance was .0047. Dynamic leakage was 0. Static leakage was
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Candidate B25; TF-XXX-2-2
ASSEMBLY: No. 5 Rod End.

CHARACTERISTICS EVALUATED: Thickness, interference ID fit,
material, uncut, rectangular shape.

MATERIAL: Polyimide {Vespel SP-21).

CONFIGURATION: See Figure 20. t = .060/.065; w =
.IIE;.I?I; ID = 0988/09920

RESULTS: See Figure 61. The O-ring was severely nibbled on
the ID and had rolTed. The backup was in good condition with low (2.2
percent) wear. The polyimide is abrasive. The rod is moderately worn
with uniform axial wear marks around the rod circumference in the area of
the rod contacted by the seal during the 1, 2, and 10 percent stroke
cyciing. The diametral clearance was .0045. Static leakage = 0. Dynamic
leakage = 0. Static and dynamic leakage for this candidate are shown as
zero, however this {5 erroneous due to the fact that the wiper 0-ring,
which shouid have caused all leakege to be collected in the container
provided, was broken into pieces. Failure of the wiper O-ring was due to
spiral failure and air ageing.

Candidate B26; TF-XXX-2~3

ASSEMBLY: No. 6 Rod End.

CHARACTERISTICS EVALUATED: Thickness, interference ID fit,
matertial, uncut, rectangular shape.

MATERIAL: Delrin Acetal Resin.

CONFIGURATION: See Figure 21, t = .060/.065; w =
. 1197.12Z; 1D = ,986/.990.

RESULTS: See Figure 62. Removed after 242997 endurance and
10000 impulse cycTes when the rod scored allowing the 0-ring to blow out
between the backup and the groove 1n the rod. 7The rod was scored alony a
.03 x 2.0 dimension. The backups were undamaged except for an indention
on the outboard side of the outboard backup. The indention was caused by
displaced metal in the end cap bore projecting into the grvove. The
O~ring had a single large notch on the ID corresponding to the scored area
on the rod. The O-ring also had moderate nibbling around the ID and
around one-~half of the OD. Diametral clearance was .0041. Because of the
O-ring damage in such a short time, no additional testing was done on this
candidate. Low wear (1.3 percent). ID had increased to .9903 from .986.
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Candidate B27; TF-XXX-1-2
ASSEMBLY: No. 2 Rod End

CHARACTERISTICS EVALUATED: Thickness, interference 1D fit,
material, uncut, trapezoid shape.

MATERIAL: Polyimide (Vespel 3P-21).
CONFIGURATION: See Figure 22. t = .13; w = ,118/.121; ID =

RESULTS: See Figure 63. Removed after 1,525,121 endurance
cycles and 66000 Impulse cycles due to excessive dynamic leakage which
first began at Block 9 and increased until removal after Block 13. The
0-ring was severely nibbled and damaged on the entire ID. The backup had
Tow wear (1.3 percent). The backup ID had increased to approximately .994
versus .9903 new. The rod had 1ight wear. Diametral clearance was
.0033, Static ieakage was 1 drop. Dynamic leakage exceeded 300 ml;

bottle ran over.

Candidate B28; TF-XXX-1-1

ASSEMBLY: No. 1 Rod End.

CHARACTERISTICS EVALUATED: Thickness, interference ID fit,
material, uncut, trapezoid shape.

MATERIAL: Delrin Acetal Resin.
CONFIGURATION: See Figure 23. t = .13; w = .118/.121; ID =

RESULTS: See Figure 64. O-ring has very l1ight nibbling on
0D and ID and Ts cTassified as good condition. The backup still had an
interference fit with rod at good temperature. The backup had low wear
(1.8 percent on cross section). Rod wear was 1ight with several small
areas polished deeper than the original 8 RMS finish. Diametral cleararce
= ,0032. Static leakage was 0. Dynamic leakage was 6 drops.
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Candidate B29; CEC 5056-214

ASSEMBLY: No. 8 Rod End

CHARACTERISTICS EVALUATED: Thickness, interference ID fit,
material, uncut, trapezoid shape.

MATERIAL: Revonoc 6200 (C. E. Conover).

CONFIGURATION: See Figure 24, t = .13; w = .13, ID = .990

RESULTS: See Figure 65. B29 trapezoid backup in Revonoc

6200 backup has moderat. -r (5.2 percent). O-ring has light extrusion
on 0D with localized nibb on ID. O-ring is classified as good.
Diametral clearance was .U. 3. Rod had very 1ight wear. No static

leakage. Dynamic leakage was 6 drops.

Candidate B30; $32975-214-99

ASSEMBLY: No. 1 Lug End.

CHARACTERISTICS EVALUATETZ: Tiickness, interference 1D fit,
material, uncut, trapezoid shape.

MATERIAL: MoSp filled Tu:~ - \d. §. .h.mban Compound 99).

CONFIGURATION: See Figure 25. (Same as B3)

RESULTS: See Figure 66. O-ring is in excellent condition
with no damage. O-ring ID has increased to approximately .998 as is
typical with this type of backup. The backup has very 1ittie wear with
.86 percent reduction in cross section. The ID is approximately .997
corresponding to the rod diameter of .9978. Diametral clearance was
.0041. The piston rod was discolored by the MoS2 in the backup. Rod
wear 1s noderate with axial wear wear marks around the circumference at
least as deep as the original 7 RMS finish. Static leakage was O.

Dynamic leakage was 2 drops.
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Candidate 831; TFE-XXX-2-1

RSSEMBLY: No. 8 Rod End

CHARACTERISTICS EVALUATED: Thickness, interference ID fit,
material, uncut, rectargular shape.

MATERIAL: Acetal Resin with TFE filler (Tetrafluor, Inc.)

CONFIGURATION: See Figure 26. t = ,060/.065; w =
LI187.12T; 10 = .986/.990

RESULTS: See Figure 67. Backup has moderate wear {8.9
percent). 0-rfng has rolled and i5 nibbled over a large area of what was
the ID. O-ring is classified as poor. Diametral clearance was .0045.
Rod finish is dulled and characterized by axial wear marks which are at
least as deep as the original 9 RMS finish. Rod wear is classified as
high. Average static leakage was 53 ml/day (Blocks 13 thru 29). Dynamic
leakage exceeded 300 ml1 leakage (failure).

Candidate B32; TF95A - 7214A

ASSEMBLY: No. 6 Rod End

CHARACTERISTICS EVALUATED: Thickness, interference ID fit,
material, uncut, rectangular shape.

MATERIAL: Low carbon fi11 polymer (Tetrafiuor, Inc.)

CONFIGURATION: See Figure 27. t = .060/.065; w =
L1187, T2T; 10 = .986/.990.

RESULTS: See Figure 68. Testing continued until 1,275,124

endurance cycles pilus 56000 impulse cycles were applied when the piston
rod scored. The piston rod was replaced retaining the same 0-ring and
hackups and testing resumed. Rod scoring occurred again after 236742
encurance cycles plus 10014 impulse cycles were applied. After each
failure the bore of the end cap was inspected and polished and all known
measures to assure a good assembly were exercised. Assembly No. 6 was
shut down after the last rod scoring incident having exhausted cur:rent
available remedies for prevention of scoring and having no additional
piston rods for installation. Subsequent to the test program, it was
determined that the purchased parts of the chew tester assembly were out
of tolerance on parallelism requirements which could result in side
loading of the end cap by the rod. Backup wear was low (2.1 percent).
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Candidate B33; TF95-7214-600

ASSEMBLY: No. 7 Rod End

CHARACTERISTICS EVALUATED: Thickness, interference ID fit,
urncut, material, rectangular shape.

MATERIAL: Carbon filled TFE (Tetrafluor, Inc.)
CONFIGURATION: See Figure 28. t = .052; w = .121; ID = .998

RESULTS: See Figure 69. Completed 1,850,343 endurance plus
45014 impulse Cycles. O-ring is severely nibbled on the ID. O-ring has
rolled. O-ring condition is poor. The outboard backup ID has increased
to= .99 from .998. Cross section wear is low (2.1 percent). Diametral
clearance was .0031. The rod was darkened by tne carbon filler and is
mod-rately worn. Static leakage was 1 drop. Dynamic leakage was 1 drop.

Candidate B34; TF95A-72148

ASSEMBLY: No. 2 Rod End

CHARACTERISTICS EVALUATED: Thickness, interference ID fit,
uncut, material, rectangular shape.

MATERIAL: High fi1l carbon polymer (Tetrafluor, Inc.)

CONFIGURATION: See Figure 29. t = .060/.065; w =
L1187.121; 10 = .986/.990.

RESULTS: See Figure 70. The O-ring has some nibbling
around the ID and 1s classified as good condition after exposure to
1,292,012 endurance pius 25000 impulse cycles. The outer backup was not
worn. The piston rod wear was very light. Diametral clearance was
.0043. Static leakaje was 0. Dynamic leakage was 2 drops.

Candidate B35; S32975-214-19; W. S. Shamban

See Section 4, Long Life Test Results.
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Figure 1. Backup Candidate Bl; MS28774-214 ?ﬁ
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Figure 2.

Backup Candidate B2; S$S32974-214-18

),

Fig:re 3.

Backup Candidate B3; S$32975-214-18
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Figure 4. Backup Candidate B4; CEC 5065-214

@)

Figure 5., Backup Candidate BS5; CEC 5062-214NC

ND)

Figure 6. Backuy Candidate B6; TF855-214 and Unfilled
TFE Two Stage Backup
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Figure 7. Backup Candidate B8; DB12-02-214
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Figure 8. Backup Candidate B9; MS327595-214
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Figure 5. Backup Candidate B10; TF881-214
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Figure 10, Backup Candidate B15; 7F855-214
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Figure 11, Backup Candidate B16, CEC 5083-214

%

Figure 12. Backup Candidate B17; CEC 5075-214NC
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Figure 13. Backup Candidate B18; CEC 5083-214

ND)

Figure 14. Backup Candidate B19; TF830-214-1 and
TF830~214-2 Two Stage Backup
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Figure 15. Backup Candidate B20; TF1007-214~2 and
TF1007-214-3 Two Stage Backup
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; Figure 16. Backup Candidate B21; $33012-214-~14

Figure 17, Backup Condidate B22; CEC 4862-214NC

N

Figure 18. Backup Candidate B23; $32975-214-20
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Figure 19. Backup Candidate B24; CEC 5110-214

w

N

Figure 20. Backup Candidate B25; TF-XXX-2-2
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Figure 21. Backup C

andidate B26; TF-XXX-2-3
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Figure 22. Backup Candidate B27; TF~XXX=1-2
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Figure 23. Backup Candidate B28; TF-XXX-1-1
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Figure 24. Backup Candidate B29; CEC 5056-214

-43-

KA G D3 S AT 300000 20805 LIS 18 o 0¥t o b e e s Vs o S £




“) ’
@
;

L
¥
N

¢
£

TR

N2

Figure 25. Backup Candidate B30; S32975-214-99
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Figure 26. Backup Candidate B31; TF=XXX-2-1

Figure 27. Backup Candidate B32; TF95A-7214A
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Figure 28. Backup Candidate B33; TF95-7214-600
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Figure 29. Backup Candidate B34; TF95A-7214B
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i Bl-1L-BS

Figure 30. Candidate B1 After Backup Screening Test -
Cres End Cap Installation. O-ring condition is fair.
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Bl-21-BS

Figure 31. Candidate B1 After Backup Screening Test -
Aluminum Bronze End Cap Installation. O-ring condition
is good.
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Figure 32. Candidate Bl After 3.30 x 10¢ Cadurance
Cycles With No Impulse Testing - Aiuninum Bronze End Cap
Installation. O-ring condition is good.
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Figure 33. Candidate B2 After Backup Screening Test.
0-ring condition is good.
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Figure 34. Candidate B3 After Backup Screening Test.
0-ring condition is excellent.
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Figure 35.
Cycles with no Impulse Testing.
excellent.
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B3~1R-SS

Candidate B3 After 3.30 x 100 Endurance
0-ing condition is
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B4-31-Bs

|

Figure 36. Candidate B4 After Backup Screening Test.
0-ring is nibbled on the 0D and 'ID.
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B5-3R-BS

Figure 37. Candidate B5 After Backup Screening Test.
0-ring is nibbled, condition is poor.
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B5-5R-55

Figure 38. Candidate B5 After 3.30 x 106 Endurance
Cvcles With No Impulse Testing. 0-ring condition is poor.
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- B6-41~BS

Figure 39. Candidate B6 After Backup Screening Test.
Two stage backup has high wear on unfilled TFE inboard
backup. 0-ring condition is poor.
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B8-5R-BS

Figure 40. Candidate B8 After Backup Screening Test. ,
Triangle shape backup of unfilled TFE has worn almost 3
thru. 0O-ring condition is excellent.
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Figure 41.

Cycles with No Impulse Testing. O-

excellent.
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Candidate BS After 3.30 x 10° £ .arance

Compare wear of backup
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0-ring condition is excellent,
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Figure 42. Candidate B9 After Backup Screening Test.

T A g NP I I

f o macneindlEs SllELUT N e WS

R Py

bRt Lol e PN it E St R A i -




e R R
s h

Rl e

INBOARD .

Figure 43. Candidate B9 After 3.30 x 100 Endurance

Cycles With No Impulse Testing.
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0-ring condition is fair.
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Bl0-6R-BS |

Figure 44. Candidate B10 After Backup Screening Test. :
Concave shape backup of Tetralon 720 has little wear. O-ring j
condition is poor with nibbling around the entire ID. ]
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Figure 45. Candidate B15 After Backup Screening Test.
0-ring suffered catastrophic failure due to rod scoring.
Polyimide (SP-1) backups are undamaged. Exclusive of
scoring damage, O-ring has severe nibbling arcund ID.
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Figure 46. Candidate B16 After Backup Screening Test.
U-ring has twisted, condition is fair.
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Figure 47. Candidate B17 After Backup Screening Test -
Square Shape Backup. O~ring condition is poor,
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Figure 48. Candidate B18 After Backup Screening Test.

x 10
corresponding failure points on O-ring and backup.
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stagg backup of unfilled TFE had catastrophic failure at 1.43
cycles by O-ring extrusion on the 0D. Arrows denote
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Figure 49, Candidate B19 After Backup Screening Test.

Two stage backup with reduced OD polyimide outer backup;
Tetralon 720 inner backup exhibits cold flow over the 0D
of the center backup (see arrows). O-ring condition is

fair.
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Figure 50, Candidate B20 After Backup Screening Test.
Two stage backup of spiral backups. O-ring condition is

excellent,
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Figure 51. Candidate B20 After 3.30 x 106 Endurance
Cycles with No Impulse Testing. O-ring condition is
qood. Two stage backups are fused together.
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Figure 52. Candidate B21 After Backup Screening Test.
(=ring condition is poor,
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Candidate 821 After 3,30 X 10t Endurance

Figure 53.
O-ring condition is pocr.

Cycles With No tnputse Testing,

- 69 -




.

T

R

L e T N e ST T A

B22-51~1BS

Figure 54. candidate 822 After Backup Screening Test.
Two stage backup of Revonac 18168 has fused together,
0-ring condition is excellent.
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Figure 55. Candidate B22 After 3.30 x 106 Endurance

Cycles With No Impulse Testing. O-ring condition is
excellent.
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Figure 56. Candidate B1 Backup After Additional
Scregning Test. Suffered catastrophic failure after 2.08
x 100 endurance plus 86014 impulse cycles. Arrow
denotes severe nibbling on O-ring.
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Figure 57.

Typical Appearance of MS28774-214 Backups and

M83451/1 O-ring Used With Scraper Candidates - No Impulse

Testing.

0-ring condition was good for 6 of 8 seals.

- 73 -

E S

e B P e N T L VT NPTy, JOREny A Bl ki h e K admy




T R P

Bl-21-AS

Figure 58. Typical Appearance of MS28774-214 Backups and M83461/

1-214 0-ring Used With Scraper Candidates - With Impulse Tasting.

This seal 1s typical of the seven MS28774-214/M82461/-214 rod seals ,
used with the scraper randidates during the Additional Screening
Tests. Compare with Figure 57 which did not have impuisc testing.
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Figure 59. Candidate B23 Backup After Additional Screening Test.
U-ring condition is excellent.
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Figure 60.

INBOARD
BACKUP

Candidate B24 Backup After Additional Screening Test.
0-ring condition is good. Zero leakage was recorded.
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INBOARD
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/
\ Figure 61. Candidate Bz5 Backup After Additional Screening Test. ;
ﬁ 0-ring is severely nibbled and has rolled. 4

- 77 -




INBOARD
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Figure 62.

Candidate B26 Backup After Additional 3cr
Removed when rod scored at 242997 endurance cycles.
damage due to scoring. 0-ring is nibbled around 10D.
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Figure 63. Candidate B27 Backup After Additional Screening Test.
0-ring failed due to extrusion on the 10 after 1.53 x 100 endurance

alus 66000 impulse cycles.
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Figure 64. Candidate B28 Backup After Additional
Screening Test, O0-ring i% in good condition.
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Figure 65. Candidate B29 Backup After Additional Screening Test.

0-ring is in good condition.
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Figure 66. Candidate B30 Backup After Additional
Scireening Test. 0O-ring is in excellent condition.
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candidate B31 Backup After Additional Screening Test.

Figure 67.
Seal finished test but failed due to leakage.
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Figure L8. Candidate B32 Backup After Additional Screening Test. i
Arrow denotes damage due to scored rod, O-ring has rolled and nibbled. _!’
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Figure 69. Candidate B33 Backup After Additional Screening test.
0-ring is severely nibbled and has rolled.
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Figure 70. Candicdate B34 Backup After Additional Screening Test.
0-ring conditior ic fair. Dynamic leakage was 2 drops in 1.29 x 109

endurance cycles.
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3.2 Scrapers

A total of 8 configurations were installed in chew tester
housings and tested. The scrapers are ranked based upon the total
contaminant volume allowed past the scraper and upon wear of the rod due
to scraper material cr configuration. Ambient temperature was 170° F.
during the test. A1l candidates were subjected to 3.30 x 106 epndurance
cycles for the equivalent of 26801 feet of rod passing under the scraper
in the course of completing 24 blocks of the endurance spectrum. The
contaminant used was AC Coarse Test Dust.

From these tests, Candidate S7 from Dowty Ltd. of the United
Kingdom was selacted to be included in the Long Life Test for
determination of rod wear with extended cycling.

During the Long Life Test three new and one improved scraper
became available and additioral screening tests were conducted to
determine the effectiveness of these designs. Test conditions were the
same as for the initial screening tests except 3.375 x 106 endurance
cycles were completed. The result was that all of the new and improved
scrapers transnitted less contaminant than the MS28776M9 baseline.

Figure 71 shows the relative performan:e of the scrapers which
were part of the first and second scraper screening tests. The figure
shows that all of the new or improved scrapers transmitted less
contaminant than the average value of the contaminant transmitted by

MS28776M9 for the two tests.

The total volume of contaminant which was allowed past each
scraper was determined as follows: According to the test plan, the end
cap cavity between the scraper and rod seal were flushed with 175 ml of
filtered PD680 (Stoddard solvent) approximately every two days of
testing. The contaminant level in the PD680 was determined using a HIAC

counter.

The contamination in the fluid sample for each candidate was
detemmined on the HIAC counter in the size ranges of 5-10, 10-25, 25-50,
and 50-100, microns. It was assumed for rating the performance of the
scrapers that the particles were spherical with a diameter computed by
averaging the maximum and minimum values representing the ranmge of

{nterest.

Range Average Dia. Yolume (inches3)
(Mic ron) (Mic ron)
5 - 10 7.5 1.34796 x 10-11
10- 25 17.5 1.71241 x 10-10
25~ 50 37.5 1.68495 x 10-9
50-100 75.0 1.34796 x 10-8
-87-

i

[

BN AN

o . — : S
T I E L B i e 4 e

W S QNN AP RRRONIPNR S g B = - gy ;,—qw_h,‘my‘,.g ‘_g-),,,g;;-

L




R i A f.@.dnl&‘ﬂl&iui‘naiajasalg . —— ey ey e s e .
z e Ly~

*3ul|aseq 3yl ueyy J13333q PauMO Juad
$3537 butuaauds jeuoLjippe ayj3 ut subisap paAoxdut pue
M3U 3Yy) °s3s3) buLusauds uadeadss jo sytnsay 17 dunbi 4

S3TJA2 gOT X 8€°¢ ) a0l % 06°E

9NINIJYIS TWNOILIGAY NI 03)S3L SILVAIONY) SIAI oC
Stsal A S1S31 ININITYTS WILINI
N\ NI 031S3L SILYOIANY)

~
A -

LTS 613 91S A LS 21S oS 1S 8S LA 6S S1S

i S
Gih

T b Ay

1°01 L°6 £°01

- 88 -

291 v

6°91 | _

T T T T T T T T /8T 4 0z

NII3SYS L°81

e e

e ntarm

(gNI p-OL) IWNIOA LNYNIWYLNOD

; g0z

§ 8°12

G*¥2
8°92
< o
:

AR P SN a2 e pon <o,

E:

o e NN A i WM s e 2 2 O G o s 1L .nn.h...um,pvf\..\ i A R B P S i £ .
B T W T o s .
B & G S S FAREG R U




TN, Y

q!!
i
i
!
i

S

After the particle count was determined for each candidate the
total volume ot contaminant represented in the sample was calculated using

the following formula:

YT SR R g

) V. = X v
’ S o n
E Where: Vg = total contaminant volume in 175 ml sample
Vy = volume of « particle of nth average diameter

. number of particles of nth average diameter (counted
in a 175 ml fluid sample minus the "tare" number of

. particles in the flushing fluid)
n =1 average dia = 7.5 micron
2 average dia = 17.5 micron
3 average dia = 37.5 micron
; 4 average dia = 75.0 micron
3 A total of ten particle count. was made for each scraper

candidate in the initial screening test period. The total contaminant
volume of the ten particle counts represents the relative performance of
the candidate. In the additional screening tests eleven particle counts
were made for each scraper candidate.

Visual examination of the piston rods after the tests indicated
the plastic material scrapers lett a very light, acceptable burnished rod
' surface appearance with no appreciable differences among the plastic
5 materials. The two metal scrapers left a moderate, acceptable burnished
' rod surface which was rougher than that of the plastic material scrapers.

g The scrapers were examined after the test. Wear was minimal for
ail scrapers. Each scraper was evaluated for signs of distortion which
may have contributed to transmission of contaminant. At least three
candidates exhibited curling of the cleaning lip from the rod.

caaaa e Vi S R el S AR ket g e

Table 10 summarizes the scraper screening test results.

An analysis was made to determine if the scraper ID increases
enough with temperature increase to eliminate an interference fit with the
rod. Three candidates showed the probability of a clearance with the rod
at 170° F. which was the minimum ambient air temperature. See paragraph
5.3 for a detailed discussion on thermal expansion of the scraper

candidates tested.

T N NNE N LI e o S

The evaluation plan for scrapers originaily had included
particles up to 200 micron in size because the distribution of particle v i
sizes in the AC standard coaise test dust consisted of 8 percent particles N
in the 100 to 200 micron rarge.
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TASLE 10. SUMMARY OF SCRAPER SCREENING TEST RESULTS
INITIAL SCREENING

b TEST
i OVERALL SCRAPER  TOTAL CONTAMINANT  ROD

: RANK  CANDIDATE  (10-4 IN3) COND  MATERIAL NOTE

: 7/8% 812 24.3 MA  Aluminum MS28776M9 -

: Bronze Baseline

. 10 sl 21.8 LA Polyurethane Disogrin

: 9 58 20.8 LA Molythane Parker Packing
6 S6 16.9 MA Aluminum Hercules

i Bronze

i

¢ 12 S15 26.8 LA Compound W. S. Shamban
g Code 14

3 §7 8.1 LA Acetal Resin Dowty, Ltd.

Q Plastic

ﬁ 1 59 24.5 LA Thermoplastic Greene, Tweed
é Rubber

] 7/8 sl 18.7 LA TFE C. E. Conover
@

SCREENING TEST OF ADDITIONAL CANDIDATES

Ay i e i i i 0 it M a WL SR, A WA B oy el T i R R

1 S16 9.7 LA Thermoplastic Greene, Tweed
Rubber
4 S2 14.2 LA Compound W. S. Shamban
Code 19
@ 3* Y 12.4 LA Acetal Resin Dowty, Ltd.
E Plastic
4 2 s19 10.1 LA Revonoc 18158 C. E. Conover
g 5 17 14,7 LA Proprictary  Tetrafluor, Inc
f filled TFE |
' 7/8%  S12 13.1 MA Aluni{ num MS28776M9, 5
bronze Baseline !
Legend: -

LA - Low Wear, Acceptable
MA - Moderate Wear Acceptable

* Overall ranking is based upon average totai contaminant for the
two tests.
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It was discovered during the additional screening tests that
0-ring and backup ring pieces from the rod seals adjacent to the scrapers
were affecting the accuracy nf the particle counter. A standard sieve
system was used to remove particles greater than 100 microns absolute to
allow use of the particle counter. Consequently, all data is based upon
particle counts of contaminant up to 100 microns in size.

The data shown for candidate S2 is a 1inear regression, least
squares fit of data obtained for seven fluid samples on which particie
counts were made. In the course of the additional screening tests, a
misalignment of parts in the chew tester used for candidate S2 resulted in
& scored piston rod three times. Despite zfforts to eliminate the problam
exh time, the scoring caused a defieciion of replacement rods and
consequently, testing was terminated on candidate S2 after the seventh
particle count. Figure 72 shows a plot of the data obtained and the least
squares fit. The correlation coefficient for the fit was .9908 which is

very good.
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Candidate descriptions after screening test:

Candidate S1; CEC 401-214-011, C. E. Conover

MATERIAL: Revonoc 18156 (C. E. Conover)
CHARACTERISTICS: O-ring sealed; one piece gland.
CONFIGURATION: See Figure 73.

RESULTS: See Figure 85. Minimal wear to scraper. Very
1ight acceptable rod burnishing. Tied for seventh place in contamination
exclusion. The temperature expansion analysis indicated a possible diametra)
clearance at 170° F. Examination of the scraper indicated the 11p had curled
away from the rod. Scraping action was occurring under the O-ring. Easily
installed in a special one piece gland.

Candidate S6; S-34-20, Hercules:
MATERIAL: Bronze

CHARACTERISTICS: Elastomer sealed; metal cone, one piece
gland.

CONFIGURATION: See Figure 74,

RESULTS: See Figure 86. Minimal wear to scraper.
Moderate acceptable rod wear. Ranked second in contamination exclusion. The
temperature expansion analysis indicated this scraper to have an interference
fit at 170° F. The scraper maintained its configuration during the test.
Easily installed in one piece gland.

Candidate S7; 120-218-1709, Dowty Ltd:
MATERIAL: Acetal plastic

CHARACTERISTICS: O0-ring sealed, "snap in" assembly, one
ptece gland.

CONFIGURATION: See Figure 75.

RESULTS: See Figure 87. Minimal wear to material. Very
11ght acceptable rod burnishing. Ranked third in contamination exclusion.
The temperature expansion analysis indicated an interference fit at 170° F.
The scraper maintained its configuration during the test. The 1 inch diameter
rod stze 1s the smallest size which should be attempted with a one piece gland.
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Candidate S8; 18701000-312, Parker Packing
MATERIAL: Molythane (Parker), polyurethane with MyS2
CHARACTERISTICS: O-ring energized, two piece gland.
CONFIGURATION: See Figure 76.
RESULTS: See Figure 88. Very 1ight acceptable rod

%; burnishing. MinimaT wear to scraper material. Ranked ninth in contamination
: exclusion. The temperature expansion analysis indicated an interference fit

4 R

% at 170° F. The scraper appeared to roll slightly in the groove so that the
- shoulder (inboard) was touching the rod in addition to the O-ring loaded 1ip.
A two plece gland is recommended for installation.

Tm T e

Candidate $9; 5994-214-959, Greene, Tweed
MATERIAL: Hytrel thermoplastic rubber
CHARACTERISTICS: Spring energized; two-piece gland
CONFIGURATION: See Figure 77.
RESULTS: See Figure 89. Very light acceptable rod

burnishing., MinimaT wear to scraper materfal. Ranked eleventh in
contamination exclusfon. The temperature expansion analysis indicated a

possible diametral clearance at 170° F. A two piece gland is required.

- T —p——_

TR T e —

& Candidate S12; MS23776M9

| MATERIAL: Bronze

CHARACTERISTICS: A1l metal, no sealing
CONFIGURATION: See Figure 78.

H RESULTS: See Figure 90. Minimal wear to scraper.

Moderate acceptable rod wear. Tied for seventh place in exclusion of
contamination. The temperature expansion analysis indicated an interference

fit at 170° F.
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Candidate S14; 006015-000A, Disogirin
MATERIAL: Polyurethane
CHARACTERISTICS: One piece groove "snap-in" design
CONFIGURATION: See Figure 79.

RESULTS: See Figure 91. Very 1ight acceptable rod
burnishing. MInTmal wear to scraper material. Ranked tenth in
contamination exclusion. The scraper appears to have maintained its shape
during the test. The temperature analysis indicates an interference fit
at 170° F. Easy to install in one piece gland.

Candidate S15; $30395-9G-14, W. S. Shamban
MATERIAL: Glass/Moly filled TFE
CHARACTERISTICS: O-ring sealed, one piece gland
CONFIGURATION: See Figure 80.

RESULTS: See Figure 92. Very light acceptable rod
burnishing. MinTmal wear to scraper material. Ranked twelfth in
contamination exclusion. Wear pattern on the inner diameter of the
scraper indicated the cleaning 11p had curled away from the rod; contact
was at the inner shoulder of the scraper. Temperature analysis indicated
a? 13terference fit with the rod. Moderate effort to install in one piece
gland.

Candidate Descriptions After Additional Screening Tests
Candidate S2; $32925-9P-13, W. S. Shamban
MATERIAL: Shamban Compound Code 19.

CHARACTERISTICS: il-ring sealed, contacts rod at both sides
of scraper.

CONFIGURATION: See Figure 81.

RESULTS: See Figure 93. Total contaminant passed was 6.8 x
10-4 cubfc fnches thru 1.76 x 106 cycles. A 1egst squares fit of this
data allows extrapolation of data to 3.375 x 100 cycles. Volume of
contaminant is 14.2 x 10~4 in3 py extrapolation. This assembly
suffered three scored rods not related to the candidate in test and was
finally removed from test after repeated efforts to eliminate the scoring
had failed. Ranked fourth overall in contamination exclusion.
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Candidate S7; 120-218-1709, Dowty l.td. (Best performanc2 in
initial screening tests)

MATERIAL: Acetal plastic

CHARACTERISTICS: O-ring sealed, "snap in" assembly, one
piece gland.

CONFIGURATION: See Figure 75. Same as cested in the
initial scraper screening tests.

RESULTS: See Figure 94, The ID was tight on a .998 inch

diameter plug.” The rod surface finish had 1ight wear with the appearance
of polished off high places Tn the grind marks. The scraper has a unifom

waer pattern around the ID of the 1ip. Ranked third overall in
contamination exclusfon.

Candidate S12; MS28776M9 (Baseline)

MATER'AL: Bronze
CHARACTERISTICS: A1l metal, no sealing

$ON:IGURATION: See Figure 78, Same as in Initial Screening
ests

RESULTS: See Figure 95. The inner diameter had worn to

greater than . 998 Trom a new dimension of .9903. Tne piston rod finish
has a dull frosted appearance on the area contantad by the scraper.
Thermal expansion analysis of the new scraper siows an interference fit at
170°F. Tied for seventh place overall in contamination exclusion.

Candidate S16; 3534-00998-0122-0235, Greene, Tweed

MATERIAL: Hytrel thermoplastic rubber

CHARACTERISTICS: Fits one backup width MIL-G-5514 gland for
=21 0-rTng, U-ring energized.

CONFIGURATION: See Figure 82.

RESULTS: See Figure 96. The 11p 1s not worn and appears to
have remained {n contact with the rod. The scraper had to be cut in order
to remove i1t. Very 1ittle contaminant had accumulated within the end
cap. Rod wear is very 1ight. Scraper 1s ranked first overall in
contamination exclusfon. At 170°F, the scraper had an interference fit

with the rod before testing.
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Candidate S17; TF1027-7214A, Tetrafluor, Inc.

MATERIAL: Proprietary Filled TFE

CHARACTERISTICS: O-ring sealed, single wiping edge, fits
same groove as candidate S2.

CONFIGURATION: See Figure 83.

RESULTS: See Figure 97. Scraper is ranked fifth overall in

contamination exclusion. The scraper was a tight fit on the .998 dia

rod. The rod has 1ight wear with a few axial wear marks as deep as the
original 13 RMS finish. The scraper was damaged when being removed. An
extrusion ridge around both the inboard and outboard edges of the ID
indicate the possibility of overfill of the groove. The wear pattern on
the ID indicates that the outer 1ip had curled away from the rod. The
scraper had an interference fit with the rod at 170°F before testing.

Candidate S19; CEC 5091-998-55, C. E. Conover:
MATERIAL: Revonoc 18158

CHARACTERISTICS: Molded elastomer seal, fits same groove as
candidate 5Z.

CONFIGURATION: See Figure 84,

RESULTS: See Figure 98. The wear pattern on the ID of the
scraper indicated unTform contact around the rod. The rod has a slight
discoloration and has a 1ight wear pattern on one side indicating some
side loading of rod into end cap. Normally, Revonoc 18158 material 1s not
abrasive. Ranked second overall in contamination exclusion.
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Figure 73, Candidate S1; CEC 401-214-011; C. £. Conover
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Figure 74.
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Candidate S6; S-34-20; Hercules
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Figure 75, Candidate S7; 120-218-1709; Dowty, Ltd.
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Figure 76. Candidate $8; 18701000-312; Parker Packing
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Figure 77.

Figure 78.
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Candidate S12; MS28776M9
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Candidate 59; 5994-214-959; Greene, Tweed
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Figure 79. Candidate S14; 006015-000A; Disogrin
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Figure 80. Candidate S15; S30395-9G-14; W, S. Shamban
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rigure 81. Candidate S2; S$S32925-9P-19; W. S. Shamban

Figi.e 82. Candidate S16; 3534-00998-0122-0235; Graene, Tweed
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Figure 83. Candidate S17; TF1027-7214A; Tetrafluor, Inc.
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Figure 84. Candidate S19; CEC 5091-998-55; C. E. Conover o
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Figure 85. Candidate S1 After Scraper Screening Test.
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Figure 86. Candidate S6 After Scraper Screening Test.
Bronze cones with elastomer seal.
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Figure 87. Candidate S7 After Scraper Screening Test,
Acetal resin material scraper.
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Figure 88. Candidate S8 After Scraper Screening Test.
Molythane material with nitrile 0-ring energizer.
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Figure 89. Candidate S9 After Scraper Screening Test.

Hytrel material with spring energizer.
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Figure 90, Candidate S12 After Scraper Screening Test.
Baseline MS28776M9 scraper of bronze material.
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Figure 91.

S14-21~55

Candidate S14 After Scraper Screening Test.

Polurethane material is NFPA configuration.
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Figure 92. Candidate S15 After Scraper Screening Test.
Damage occurred during removal after test.
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Figure 93. Candidate S2 Scraper After Additional
Screening Test.
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Figure 94. Candidate S7 Scraper After Additional

Screening Tests. Damage to 0D occurred during removal
after test.
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candidate S12 Scraper After Additional

Figure 95.
M$28776M9 was paseline for all scraper

Screening Tests.
tests.
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Figure 96. Candidate S16 Scraper After Additicnal
Screening Test.
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Figure 97. Candidate S17 Scraper After Additional
Screening Test.
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Figure 98. Candidate S19 Scraper After Additional
Screening Test.
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3.3 Single Stage Rod Seals

A total of 11 configurations were tested. Unless noted, all
candidates completed 20 blocks totaling 3.44 x 106 endurance cycles.
011 temperature was 220 to 250°F for the endurance cycles. Every five
days a -65°F static leakage test was conducted. The candidates were
tested in torsion bar loaded hydraulic cylinders to simulate air loads.

Table 11 Summarizes performance of all single stage rod seal
candidates tested. Leakage was the most significant difference between
candidates. The elastomer seals leaked less than the plastic seals.
Results were as follows:

Candidate RS 3 (7214FT-972-4780)

MATERIAL: Greene,Tweed Fluoromer compound seal, nylon
outboard backups, unfilled TFE {nboard backups.

CHARACTERISTICS: Elastomeric T-Seal with two stage
nyTon and TFE backup.

CONFIGURATION: See Figure 99.

RESULTS: See Figure 110. The seal and backups were in
gnod condition. Leakaje was zero for static, Tow temperature, and dynamic
cenditions. The rod exhibited a moderate wear pattern underneath the
nylon backups around the circumference of the rod.

Candidate RS 7 (333050-214P-18)

MATERIAL: MIL-P-83461 elastomer, mineral filled TFE,
.ohamban, material code 18.

CHARACTERISTICS: "L" shaped two piece backup with
elastomer 11p seal.

CONFIGURATION: See Figure 100.

RESULTS: See Figure 111. The elastomer and backup

were not worn. The rod exhibited 1ight wear. Leakage was zero for
static, low temperature, and dynamic conditions.
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Candidate RS 13 (501-016-1109-01)
MATERIALS: Dowty 1109 nitrile seal, unfilled TFE backup.

CHARACTERISTICS: Rectangular elastomeric seal with integral
backup.

CONFIGURATION: See Figure 101.

RESULTS: See Figure 112, The seal and backup were in good
condition. The backup exhibited some wear. Leakage was 1 drop static, 1
drop during low temperature, and 1 drop dynamic. The rod had very light
wear in the area in contact with the seal.

Candidate RS 20 (CEC5056-214) .

MATERIAL: MIL-P-83461 elastomer, Revonoc 18158 backup with
Tnterference fit on rod.

CHARACTERISTICS: Trapezoid shaped elastomer with thick
cross section trapezoid shaped backup.

CONFIGURATION: See Figure 102.

RESULTS: See Figure 113. The elastomer had moderate
nibbling around the circumference of the I.D. adjacent to the backup.
Backup condition was good. Leakage was zerr for static, low temperature,
and dynamic conditions. No rod wear occurred.

Candidate RS 22 (TF831M-7214 seal, M83461/1-318 0-ring)

MATERIAL: Tetralon 720 seal.

CHARACTERISTICS: Determine if 3/16" cross section O-ring
energ{zer provides improved performance of cap seal compared
to 1/8" cross section O-ring energized cap seal.

CONFIGURATION: See Figure 103.

RESULTS: See Figure 114. This candidate was installed upon

failure of RS27 and had accimulated only 209222 cycles by the last day of
testing. Seal condition was good. Leakage was zero for all three test

conditions. No rod wear occurred.
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Candidate RS24 (TF831-214-1 Seal, TFY5-214 Backup (2),
M83461/1-Z14 0-Ring

S e ot A SO

MATERIAL: Tetralon 720, Tetrafiiuor

CHARACTERISTICS: No backup wisth cap seal with two
stage backups

CONFIGURATION: See Figure 104.

RESULTS: See Figure 115. Seal and backups are in good

condition. Static Teakage was O drops. Low temper:tyre leakage was 0
drops. Oynamic leakage was 0.4 cc. The rod was in ;v0d condition in the

area contacted by the seal.

Candidate RS25 ($530650-214-14, Saal, $330i2-2i4-14 backup (2),
M83461/1-214 U-Ring

MATERIAL: W. S. Shamban, Compcund Code 14.

CHARACTERISTICS: No backup width cap seal with two
stage backup.

CONFIGURATION: See Figure 105.

RESULTS: See Figure 116. Seal and backups are in good
condition. Static Teakage was 2 drops. Low temperature leakage was 2
drops. Dynamic leakage was 5.5 cc. The rod exhibited 1ight wear under
the seal in the area contacted during 1, 2 and 10 percent stroke cycling.

Candidate RS 26 (CEC5058-214 seal, CEC5057-214 backup (2),
M83461/1=71% U-ring)

MATERIAL: Revonoc 6200 seal, Revonoc 18158 backups.

CHARACTERISTICS: No backup width cap seal with two
stage backup.

CONFIGURATION: See Figure 106.

RESULTS: See Figure 117. Seal and backups were in

good condition. The outboard backup exhibited some loss of cross section
due to extrusion. Static leakage was 1 drop. Low temperature leakage was
2 drops. Dynamic leakage was 2.2 cc. No rod wear occurred due to seal or

backups.
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Candidate RS 27 (18701000 Speciul Std.)

MATERIAL: Parke: 24653 nitrile seal, nitrile O-ring,
unfi1Ted TFE backup.

CHARACTERISTICS: O-ring energized 3/16 inch cross
section elastomeric 11ip seal, with integral TFE backup.

CONFIGURATION: See Figure 107,

RESULTS: See Figure 118. On the 22nd day of testing
after 2.89 x 106 cycTes, the seal failed with catastrophic leakage. UE
to the time of faflure static leakage was a trace, low temperature leakage
was zero. The backup wore away allowing the elastomer to extrude and
fail. This was a non-standard backup and was incorporated in an attempt
to use a seal for which the molds were available. This backup performance
should not be compared with any results of the backup ring screening tests.

Candidate RS 28 (3694-0998-0122-0304)
MATERIALS: Hytrel seal, nylon backup, nitrile O=-ring.

CHARACTERISTICS: O-ring energized plastic 1ip seal
with 1ntegral backup.

CONFIGURATION: See Figure 108.

RESULTS: See Figure 119. Two samples of this
candidate were tested. The first sample had 58.86 cc dynamic leakage in
the first seven days of testing with 20.8 cc on the day of removal. The
seal exhibited 1inear scratches on the I.D. Removal of the actuatcr from
the test setup disclosed severe wear of the rod against the end cap to the
extent that the chrome plate was worn through. (See separate discussion
of rod wear problem Section 6). The seal was replaced with a new RS 28
sample and the actuator was reassembled with a new »eplacement rod. The
end cap was changed from 17-4 PH material to aluminum bronze. The second
sample completed 14 days of testing with 81.05 cc static leakage, 7.5 cc
Tow temperature, and 70 cc dynamic leakage. The seal exhibited a number
of scratches on the 1.0. The backup was in good condition. The rod had a
wear pattern around the circumference corresponding to the area in contact
with the nylon hackup.
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Candidate RS 29 (CEC5064-214-010)

MATERIAL: MIL-P-83461 compound elastomer, Revonoc
ackups.

CHARACTERISTICS: Square cross section elastomer with
Lt two stage backups.

CONFIGURATION: See Figure 109.
RESULTS: See Figure 120. The seal and backup were in

good condition. Zero dynamic, zero static, and zero low temperature
The rod exhibited a 1ight wear pattern under the

Teakage were measured.
E backup contact area. The seal had a small crack around the ID on the edge
£ next to the backup.
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Figure 99. Candidate RS3 (7214-972-4780; Greene, Tweed)

_ 7

Figure 100. 'Candidate RS7 (S33050-214P-18; W, S. Shamban)

|7 —

Figure 101. Candidate RS13 (501-016-1109-01, Dowty, Ltd.)

LM —

F}gur? 102. Candidate RS20 (CEC 5056-214; C. E. Conover/G. K.
ng
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Figure 103. Candidate RS22 (TF831M-7214 Seal, M83461/1-318
0-Ring; Tetrafluor, Inc.)

Lm —

Figure 104, Candidate RS24 (TF831-214-1 Seal, TF95-214 Backup,
M83461/1 O-ring; Tetrafluor, Inc.)

(m —

Figure 105. Candidate RS25 (S30650-214-14 Seal, S33012-214-14
Backup, M83461/1 0-ring; W. S. Shamban)

L —

Figure 106. Candidate RS26 (CEC 5058~214 Seal, CEC 5057-214
Backup M83461/1-214 0-ring; C. E. Conover)
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Figure 107, Candidate RS27 (18701000 Special Standard, Parker
Packings)
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Figure 108. Candidate RS28 (3694-0998-0122-0304; Greene, Tweed)
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Figure 109, Candidate RS29 (CEC 5064-214-010; C. E. Conover)
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RS3-7R-RS

Figure 110. Candidate RS3 After Single Stage Rod Seal
Screening Test. Seal is Fluoromer elastomer. Backups
are two stage nylon and unfilled TFE.
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Figure 111, Candidate RS7 After Singie Stage Rod Seal
Screening Tests. Two piece backup and seal were in
excellent condition.
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RS13-5R~RS

Figure 112. Candidate #S13 After Single 3tage Rod Seal
Screening Test. Seal is Dowty 1109 nitrile, Backup is

unfilled TFE.
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Figure 113.

; RS20--10R~RS

[ -

Candidate RS20 After Single Stage Rod Seal

Screening Test. Trapezoid shape elastomer and backup had

no leakaqge.
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RS22~4R-Rg

Figure 114, Candidate RS2? Atter Single Stage Rod Seal
Screening Test (209222 cycles). Seal material is
Tetralon 720. Seal is not worn. Compare with Figure
148, where wear thru has occurred after 3.68 x 10
cycles.
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RS24-1R~RS

........

Candidate RS24 After Single Stege Rod Seal
Seal and backup material is Tetralon 720.

Figure 1195,
Screcning Test.
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|

RS25-2R~-RS

Candidate RS25, After Single Stage Rod Seal
Seal and backup material is Shamban Code

Figure 116.
Screening Test.
14,
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Figure 117, Candidate RS26 After Single Stage Rod Seal
screening Test. Seal is Revonoc 6200, backups are

Revanac 18158,
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Figure 118. Candidate RS27 After Single Stage Rod Seal
Screening Test. Non-standard unfilled TFE backup failed

at 2.89 x 106 cycles.
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RS28-6R-RS (2)

e

Figure 119, Candidate RS28 After Single Stage Rod Seal

Screening Test.

Seal is Hytrel. Backup is nylon.
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Figure 120. Candidate RS29 After Single Stage Rod Seal
Screening Test. Two stage Revonoc 18158 backups with
square cross section elastomer.
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3.4 Two Stage Rod Seals

A total of 10 configurations were tested. A1l candidates
completed 3.68 x 106 cycles of the spectrum with oi1 temperatures of
250°F and air temperatures of 170°F. A weekly -65°F leakage test was
conducted. Static leakage was collected overnight and on weekends when
the test system was shut down. The candidates were tested in torsion bar
Toaded hydraulic cylinders to simulate afr loads. The tests evaluated two
stage plastic and elastomeric seals in vented, semi-vented, and unvented

installations.

An evaluation of results for the three types of two stage
installation - vented, semi-vented, and unvented gives the following:

2 of 3 semi-vented installations did not leak.

1 of 3 vented installations did not leak

3 of 4 unvented installations did not leak

1 of 2 {nstallations with a cap seal outboard did not

1eak.
5 of 8 installations with an elastomer seal outboard

did not leak.

An evaluation of candidate TRS 18 which was tested in each
of the three types of installation gives the following:

The 1nboard seal was not worn thru on the semi-vented
{nstallation, but was worn and cracked on the vented
and unvented installation.

No Teakage occurred with the unvented installation.

Rod wear due to the nylon backups on the outboard "T"
seal was least with the semf-vented installation.

Upon disassembly of each two stage rod seal installation, an
accumulation of soft, black oily residue was noted in the cavity between
seals in &11 cases. This appears to be a normal occurrence and is not
considered to be detrimental. Figure 121 shows three end caps and the

appearance of the residue.

Table 12 summarizes the results on performance of all two
stage rod seal candidates. Specific results for each candidate are as

follows:
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Candidate: TRS4&-SV

MATERIAL: “he inboard and outboard seals were
{dentical with MIL-P-83461 elastomer and Revonoc 18158

backups.

CHARACTERISTICS: A trapezoid shaped elastomer loads a
mating trapezoid shaped backup into the rod. This was

a semi-~vented installation.
CONFIGURATION: See Figure 122.

RESULTS: See Figuves 132 and 133. The inboard and
outboard seals had no appearance of wear. The backups inner diameters of
«9903 and .996 had yielded to .998 corresponding to rod diameter. Rod
wear was very 1ight. There was no evidence of external leakage.
Approximately 2 to 3 m1 of thick black residue had accumulated between the
seals. Diametral clearance for the outer seal was .0031 and for the inner

seal was .0035.
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Candidate TRS6-~UY

MATERIAL: The Ynboard and outboard seals are jdentical
Tn material. The backups are Revonoc 18158, the O-ring

is MIL-P-83461 Elastomer.

’ CHARACTERISTICS: This two stage seal represents the

use of U-rings with a high performance backup from the :
backup ring screening tests. The inboard seal has a

backup on each side to protect the O-ring from ’
extrusion in the event that pressure in the cavity
between the seals is greater than the pressure in the
retract side of the actuator. The outhoard seal has
both backups outboard for maximum O-ring protection.
This was an unvented installation.
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CONFIGURATION:  See Figure 123.

RESULTS: See Figures 134 and 135. Both inboard and
outboard 0-rings were 1n excellent condition. The backup showed some wear
with the outer backup on the inboard seal showing the most wear.
Cross~section was .1214 before test and .1033 after test. There was no
rod wear. There was no external leakage. The cavity between the seals
had an accumulation of black residue similar to that found in other end
caps. Diametral clearance for the outboard seal was .0033 and for the

inboard seal was .0023.
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Candidate TRS8-UV

MATERIAL: Unfilled TFE backup with Dowty nitrile
comgouna 1109 elastomer for both inboard and outboard
seals.

CHARACTERISTICS: This seal is configured to give
radial Toading on the backup against the rod and has an
elastomer 1ip which contacts the rod. This was an

unvented installation.

CONFIGURATION: See Figure 124.

RESULTS: See Figures 136 and 137. The backup on the

irboard seal was wArn thru at one location. The backup on the outboard
seal was severely worn completely around its circumference and the sealing

11p on the elastomer was fatiguing and tearing. This seal leaked
The rod

erratically throughout the test for a total of over 372 ml.
Djametral clearance for

surface finish had a slight “lapped" appearence.
the inboard seal was .0027 and for the outboard seal was ,0052.

Candidate TRS13-V

MATERIAL: The inboard and outboard seals were

fdentical with Revonoc 6200 cap seals and Revono 18158
backups. The elastomer was MIL-P-83461 compound.

CHARACTERISTICS: The seal has the feature of a
hexagonal cross section elastomer with a fairly wide
radial energizing area against the rod. The backup
configuration mates with the cap seal and elastomer in
a manner to load the cap seal against the rod and the
backup against the ID of the aroove. The cavity

between the seals was vented.

CONFIGURATION: See Figure 125.

RESULTS: See Figures 138 and 139. Both the inboard
The ID of the cap seals

and outboard seal were in excellent condition.
was less than .982 before test and .9903 to .996 after test which was less

than the rod diameter of .998. The rod had light wear. Wear was not
uniform around the circumference of the rod indicating not all side
loading was eliminated on the cylinder. There was evidence of external
leakage. Diametral clearance was .0024 for both inboard and outboard

seals.
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Candidate TRS18-SV

MATERIAL: The outboard seal was Fluoromer elastomer
with two stage scarf cut backups. The backup next to
the elastomer was unfilled TFE, the second backup was
nylon. The inboard seal had backups and cap seal of
Tetralon 720; O-ring of MIL-P-83461 elastomer.

CHARACTERISTICS: No backup width cap seal with single
backups inboard; elastomer "T" seal outboard. Cavity
between seals is vented back to retract port of

cylinder through a check valve hereafter referred to as
a semi-vented installation.

CONFIGURATION: See Figure 126.

RESULTS: See Figures 140 and 141. Inboard seal had
minimum wear with no evidence of cracking or splitting around
circumference on inner diameter of cap seal. Cutboard seal had minimum
wear, with a very shallow axial wear pattern around the inner diameter
sealing surface. The staged nylon/TFE backups showed no wear. The rod
had a Tight to mcderate axial wear pattern around the circumference
corresponding to the areas most frequently contacted by the nylon backup
rings on the outboard seal. Diametral clearance for the outboard seal was
.0035 and for the inboard seal was .0025. There was evidence of some
external leakage. See separate discussion of leakage collection in
paragraph 7.0. Two to four ml of soft black residue had accumulated
between seals.

Candidate TRS 18-V

MATERIALS: Same as TRS 18-SV

CHARACTERISTICS: Same as TRS 18-SV except cavity
between seals was vented back to system return (90 psi)
thru a restrictor, hereafter called a vented
installation.

CONFIGURATION: See Figure 127.

RESULTS: See Figures 142 and 143. The cap seal on the
inboard seal was worn thru and extruded away at one location on the ID.
The entire 1D sealing surface appeared to be worn sufficiently that a
shallow crack was forming around the ID. The backups and O-ring were not
worn. The outboard seal was in excellent condition. It was noted on
disassembly that the inner TFE backup on the outboard side of the "T" seal
had been incorrectly installed with the radius edge away from the
elastomer (see configuration sketch). The tip of the TFE backup was
curled over the 0D of the outer backup. The rod had a moderate to severe
axial wear pattern around the circumference of the rod in the area most
frequently contacted by the nylon backups on the outboard seal. This wear
pattern was more severe than the wear pattern from TRS 18-SV with
identical seals but with semi-vented installation. The seal did leak
externally. The diametral clearance for the outboard seal was .0023 and
for the inboard seal was .0013. Approximately 3 to 4 ml of thick black
residue had accumulated between seals.
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Candidate TRS 18-UV

MATERIALS: Same as TRS 18-SV

CHARACTERISTICS: Same as TRS 18-SV except the cavity

between the seals was not vented in any manner,
hereafter called an unvented installation.

CONFIGURATION: See Figure 128.

RISULTS: See Figures 144 and 145. The cep :eal on the
inboard seal was cracked around the ID and had begun to separate. The
O-ring and backups were in excellent condition. The outboard seai and
backups had minimum wear. The rod had a very severe axial wear pattarn
arcund the circumference corresponding to the areas most frequently

contzsted by the nylon backups on the outboard seal. There was no
evidence of externai leakage. The cavity between the seals had relatively

small amouni of residue collected when comsared to TRS 18-SV or -¥. The
diametral ¢learance for the outboard seal was .C048 and for the inboard

seal was 0013,

cantidate TRS19-V

MATERIAL: The inboard seal had a Tetralon 720 cap seal
witn MIL-P-83461 clastomer O-ring. The outboard seal
had a backup of Shamban compound 18 and elastomer of

MIL-F-£3461 compounrd.

CHARACTERISTICS: The inboard seal corresponds to a
+318 no bacxup width gland per ARP 568. The O~ring is
5 3/16 inch cross section to give a wide radial loading
2 a against the cap seal. The »nutboard seal nas a two
piace "L" shape backup which acts as a cap seal when
the seal experiences pressure. The elastomer {s
configured to give a wide radial loading area against
the backup and alsc has ar elastomer 1ip seal against
the rod. This was a vanted installation.

CONFIGURATION: See Figure 129,

RESULTS: See Figures 146, 147 and 148. The inboard
cap s2al had cracked and split almost entirely arounud tie ID. The
outboard ...l had no evidence of wear. The rod had a moderate ¢xial wear
pattern on the circumfercence corresponding to the area contacied most
frequently by the outboard seal. Rod wear was i*gnt under the inboard
seal. Rod wear was more pronounced on one sid- indicating not a’1 side
1oading was eliminated. There was no evicax: of external leakage. The
outboard seal had .0028 diamelral cleara.cc. The ‘rucisd sral had .0018
diametral clearance. Tha ravity between ihe secals wzs mwlatively clear of

residye.
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Candidate TRS20-UV

MATERIAL: Molybdenum disulfide filled Turcon (compound
99 from K. S. Shamban) for the backup and MIL-P-83461
elastomer on both seals.

CHARACTERISTICS: Both the inboard and outboard seals
were identical. The seal consists of a two piece "L"
shape backup which acts 1ike a cap seal when the seal
is pressurized. The elastomer is configured to give a
wide radial loading area against the backup and also
has an elastomer 11p seal against the rod. This was an
unvented installation.

CONFIGURATION: See Figure 130.

RESULTS: See Figures 149 and 150. Both seals were in
excellent condition. A sTight wear pattern oh the ID of the inboard seal
indicates it was functional during the test. The outboard seal did not
have a similar pattern. There was no evidence of external leakage. The
rou surface was not worn but did display a "lapped" appearance on areas
with the most frequent contact with the seals. The diametral clearance
for the inboard seal was .003 and for the outboard s2al was .003l.

Candidate TRS 21~-SV

MATERIAL: Both the inbnard seal and the outboard seal
were of Shamban compound 19. The backup rings were of
the same material. The elastower was of MIL-P-83461
compound.

CHARACTERISTICS: The cap seal used both inboard and
outboard has a molded elastomer that distributes the
radial energizing load on the rod over a larger area of
the cap seal to reduce local wear of the cap seal.

This was a semi-vented installation.

CONFIGURATION: See Figure 13..

RESULTS: See Figures 151 and 152. Both the inboard
and outboard cap seal, backups, and elastomers had minimum w2ar. The rod
had a T1ight to moderate circumferential axial wear pattern which was most
pronounced in the area contacted by both seals during cycling. There was
no evidence of leakage. Very little residue had collected bctween the
seals. Djametral clearance for the outboard seal was .0039 and for the
inboard seal was .0022., The bore of the end cap had an unusual very
smooth "lapped" wear pattern.
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Fioure 122, TRS4-SV Two Stage Rod Seal

CEC4981-214

~

CEC4981-214

Figure 123. TRS6-UV Two Stage Rod Seal

501-016-1109-01

— SPACER
501-016~1109-01

/  ,—— SPACER
/ [

Figure 124, TRS8-UV Two Stage Rod Seal
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Figure 125. TRS13-V Two Stage Rod Seal

7214 FT-972-4780
TF95-214 2 REQD
TF831-214-1
MB83461/1-~214

Figure 126, TRS18-SV Two Stage Rod Seal

CEC6001-214

72 -972-
—— 7214 FT-972-4780

TF95-214 2 REQD
TF831-214-1

//f" M83461/1-214

/Y

Figure 127. TRS18-V Two Stage Rod Seal
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Figure 128. TRS18-UV Two Stage Rod Seal

$33050-214P-18
M83461/1-318
_ [;TURN/— TF831M-7214

Figure 129, TRS19-V Two Stage Rod Seal
Figure 130, TRS20-UV Two Stage Rod Seal
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Figure 131, TRS21-SV Two Stage Rod Seal
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1ST STAGE

Figure 132. Candidate TRS4-SV (1st Stage) After Two
Stage Rod Seal Screening Test. Trapezoid shape elastomer
and backup had very little wear.
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Figure 133.

TRS4-SV-3R-TR
2ND STAGE

Candidate TRS4-SV (2nd Stage) After Two

Stage Rod Seal Screening Test. Seal had no leakage

during test.
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TRSG6-UV-C1
18T ST7o

Figure 134. Candidate TRS6-UV (1st Stage) After Two
Stage Rod Seal Screening Test. O-ring is in excellent
condition.
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TRSO6-UV=~8R~T¥
2ND STAGE

Figure 135. Candidate TRS6-UV (2nd Stage) After Two
Stage Rod Seal Screening Test. There was no externa)

leakage with this two stage installation.
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Candidate TRS8-UV {1st Stage) After Two

Figure 136.
Arrow denotes area of

Stage Rod Seal Screening Test.
backup which has worn through.
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TRS8-UV-10R-TR
2ND STAGE

» . ety R s

Figure 137. Candidate TRS8-UV (2nd Stage) After Two
Stage Rod Seal Screening Test. Arrow shows where tear is
beginning on sealing lip.
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TRS12-V-5R~-TR
1ST STAGE

Figure 138. Candidate TRS13-V (1st Stage) After Two
Stage Rod Seal Screening Test. Seal and backup were in
excellent condition after test.
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Figure 139. candidate TRS13-V (2nd Stage) After Two
Stage Rod Seal Screening Test. Seal and backup were in

excellent condition after test.
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TRS18-8V-1Rr-TK
1ST STAGE
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Figure 140. Candidate TRS18-SV (1st Stage) After Two
Stage Rod Seal Screening Test.
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2ND

Figure 141, Candidate TRS18-SV
Stage Rod Seal Screening Test.
axial wear pattern around v,
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Figure 142,

1ST ~TAGE

Candidate TRS18-V (1st Stage) After Two

Stage Rod Seal Screening Test. Arrows denote area where
seal was warn through.
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TRS18-V-4R-TR
2ND STAGE

Figure 143. Candidate TRS18-V (2nd Stage) After Two
Stage Rod Seal Screening Test. Arrow shows tip of the
TFE backup which was displaced over the OD of the nylon
outer backup.
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TRS18-UV-7R-T7
1ST STACE
Figure 144, Candidate TRS18-UV (1st Stage} After Two

Stage Rod Seal Screening Test. The cap seal is cracked
around the ID and has began to separate.

g
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TRS18-UV-7R-TR
2ZND STAGE

Figure 145, Candidate TRS18-UV (2nd Stage) After Two
Stage Rod Seal Screening Test. Two stage installation
had no external leakage.
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TRS19-V-6R~TR
1ST STAGE

e ————— s 7

Figure 146, Candidate TRS19-V (ist Stage) After Two
Stage Rod Seal Screening Test. Seal used -318 size
0-ring to energize cap strip. This seal was worn through

during test.
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TRS19~V-6R-TR
2ND STAGE

Figure 147, Candidate TRS19-V (2nd Stace) After Two
Stage Rod Seal Screening Tests. Despite appearance of

first stage, there was no external leakage of two stage
installation.
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 TRS20-UV-9R-TR
1ST STAGE

Figure 149, Candidate TRS20-UV (1st Stage) After Two
S:age Rod Seal Screening Test. Seal was in excellent

condi’ion after test.
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Figure 150, Candidate TRS20-UV (2nd Stage) After Two
Stage Rod Seal Screening Test. No external leakage was
observed with this two stage installation.
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TRS 21-SV-2R-TR
1ST STAGE

Two
§1. Candidate TRS21-SV £1st §tage) After
ElggzeRld Seal Screening Test. Plus” seal and hackups

are Shamban Code 19.
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, TRS21-SV-2R-TR
5 2ND STAGE

O
\ i

Figure 152. Candidate TRS21-SV (2nd Stage) After Two
Stage Rod Seal Screening Test. Two stage backup and
"Plus" seal are Shamban Code 19 material.
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4. LONG LIFE TEST RESULTS

4.1 Objective:

The objective of the Long Life Tests was to evaluate the
best performing candidates from the screening tests in a test equivalent
incycles to 5 years service in a fly-by-wire flight control system.. The
number of endurance cycles completed was equivalent to 5 years service in
a fly-by-wire horizontal tail fiight control actuator.

4.2 Long Life Test Results Summary

Test Conditions - A1l candidates completed 13.31 x 106
cycles cf the endurance spectrum which is equivalent to 5 years service in
a high performance fighter aircraft with a fly-by-wire control system.
Ambient temperature was 170/190°F in the insulated box. 0i1 temperature
was 250/275°F when stabilized. Static leakage was collected with a 2 foot
head of 0i1 overnight and on weekends. Mine -65°F leakage tests were
conducted. Dynamic leakage was collected over the entire test period.

Leakage - None of the four two stage candidates leaked. TRS
21-UY and TRS 6-UV had an oi1 fiIm on the rod insufficient to form a drop.

Candidate B35 with the PNF O~ring was the only single stage
seai which did not leak.

Using a static leakage criteria of 1 drop/12 hours for
single stage seals, Candidate B35 had acceptable static leakage. 822,

RS7, and Bl failed.

Using a Tow temperature leakage criteria of 2 drops/5
cycles, Candidate RS7 and two assemblies with Candidate B35 had acceptable
Tow temperature leakage. One of the B3 candidates had the PNF 0-pring.

Backup candidates b22 and 81 failed.

Using a dynamic leakage criteria of 1.5 m1 per block, all
single stage candidates had acceptable dynamic leakage except the
baseline, Candidate Bl.

Rod {oncition - The rods with Revonoc 18158 or unfilled
Teflon seals (BZ¢, BI, TRSA-UV, TRS6-UV) had 1ittle or no wear. The other

rods with Shemban Compound 19 or Compound 99 have moderate to severe
wear. The four most worn rods had axial abrasion sufficient to wear away
the uriginal 11 - 16 RMS grind marks. There appears to be no difference

in rod wear with Compound 19 or 99.

Aluminum-Bronze End Cap ~ There 1s no improvemant wear of
rod with Aluminum-Bronze end cap compared to 17-4PH end caps with same
plasti: compound backup.

Scraper - None of the four S7 scrapers tested exhibited any

visible wear or deformation. Rod wear was none to 1ight. Al11 had an
interference fit with rod at room temperature after testing.
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Seal Wear - Backup Candidate B35 in 17-4 PH end cap - no
0-ring damage and 1ittle wear of backups.

Backup Candidate B22 - Little wear of backup, O-ring has
1ight nibbling on ID.

Single Stage Candidate RS7 - No wear of seal.

i Backup Candidate B35 in aluminum bronze end cap - The

. outboard backup is very worn with approximately 25 percent reduction in
' cross section. The ID is & 1.005 inches. The O-ring has very 1ight

- nibbling on the IL und is in fair condition.

; Backup Candidate B35 with PNF O-ring - O-ring and backup in
g excellent condition.

ko

3 Two Stage Candidate TRS21-UY - Both Plus seals in good

. condition.

. Two Stage Candidate TRS4-UV - The inboard Trapezoid backup
‘ 1s very worn with approximately 25 percent reduction in cross section.

) The inboard Trapezoid elastomer had 1ight nibbling around the ID. The

9 1nbg?r? backup ID is = 1.005 inches. The outboard seal is in excellent
5 condition,

Two Stage Candidate TRS6-UY - The inboard seal O-ring has
rolled and is abraded/nibbled over a large area. The {nboard seal
outboard backup ID > 1,005 inches and has worn approximately 6 percent on
the cross saction. The outboard seal O-ring has 1ight nibbling around the
ID on the outboard side. The redundant backups on the outboard seal were
a loose fit on the rod.

Two Stage Candidate TRS20-UV - Neither the inboard or
outboard hat seal has any wear or visible damage.

4.3 Darivation of Total Endvrance Cycles for Long Life Test

The test spectrum derived for this program was used except
that the 1, 2, and 10 percent strokes were superimposed upvn the 50
percent (+1 inch) stroke. The number of cycles to be accomplished was
derived as follows:

a. Contract F33615-78-C-2027 required the Tong 1ife tests to be
the equivalent of 5 years of aircraftc 1ife.

b. The derived spectrum of 49,000,000 cycles corresponds to 4000
hours of aircraft 11fe. Therefore, cscies/i1t hr = 40 x 106/4000 =
10000 cycles/t1t. hr.

c. Afrcraft usage data gives an average value of 264 flight
hours per year for F-16 aircruft in peace time service.

d. Flight hour in five year equals 264 flt. hr/year x 5 year =
1326 f1ight hour/5 year.
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e. Cycles in 5 iears equals 1320 flight hours x 10000
cycles/flight hour = 13./2 x 10°% cycles. Therefore, long life test

requirement 1s 13.2 x 106 cycles.
f. The total number of cycles at each percent stroke was
as follows:

1 1.1889 x 107
P 2 1.149 x 106
10 .829 x 105
: 50 .758 x 105
100 .330 x 104
)
} 4.4 Long Life Test Candidates
I

Selections were made from the backup ring, scraper, single
stage rod seal, and two stage rod seal candidates. A comparison of a PNF
elastomer O-ring was made with the M83461/1 O-rings used in all other
backup ring tests. A comparison of aluminum bronze rod bushing material
was made against 17-4PH materfal. Al1 backup candidates were tested using
M83461/1 material. Figure 153 shows the Long Life Test Candidates and

Table 13 summarizes test results.

Backup Candidate B35 - Trapezoid shaped backup of a

proprietary filler and MoS; filled Turcon. The configuration is
jdentical to B3, B23, and B30 except for material. This candidate was
tested with scraper candidate S7; was installed in the aluminum bronze end

: cap; and was tested with a PNF O-ring.
f Backup Candidate B22 - Two-stage rectangular backup of
Revonoc 18158 materials.

Single Stage Candidate RS-7 - "L" shaped backup and
special/molded elastomer of M83461 compounds. Backup was Compound 99, a

: MoS, filled Turcon.
: Scraper Candidate S7 - A very rigid design of acetal resin
plastic.

3

T T T TN P ORI T £ T A

Two Stage Rod Seal Candidate TRS 21-UV - This two stage
candidate has a Shamban "Plus" seal inboard and outboard. The inboard
seal was a single backup on each side. The outboard seal has a two stage

backup on the outbuard side.

Two Stage Rod Seal Candidate TRS4-UV - Both seals are the
“trapezoid" seal. Backup material was Revonoc 18158. Elastomer was
MIL-P-83461.

Two Stage Rod Seal Candidate TRS6-UY - Both seals are
0-rings with Revonoc 18158 backups. The inboard seal has single backups
on each side. The outboard seal has iwo stage backups. )

Two Stage Rod Seal Candidate TRS20-UV -~ Both seals are the
“Hat" seal in Shamban Compound 99, MoS, filled Turcon.
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%‘; E
g TADLE 13. SUMMARY OF LONG LIFE To°T RESULTS
3 DYNAMIC SEALS FOR ADVANCED W™ o (815 0 -7&S 3
|
E\ Total Cycles ~ 13.31 x i0% %
&A L. . cage - W _?1
5 ASSY CANDIDATE TTATIE " =6b ~  DYNAMIC  TOTAL
3 1 B35 (17-4 PH end cap) 0 1.95 6.0 7.95 ;
% 2 B22 37.2 3.05 101.0 141.25 | %
F 3 RS7 11.1 .1 7.35 18.55 3
i 4 B1 (baseline) 30.15 05 187.0 217.2 :%
5 B35 (al-bronze end cap) .05 0 2.4 2.45 ]
E! § 835 (PNF 0-ring) 0 0 0 0 f
¢ 7 TRS21-UV 0 0 0 0 ]
| 8 TRS4-UV 0 0 0 0 '§
, 9 TRSA-UV 0 0 0 0 -
10 TR$20-UV 0 0 0 0 ; %
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4,k Test Resuits
Candidate Bl - MS28774-214

See Figure 154. The outboard backup is nearly worn thru in
two locations. The O-ring shows very 1ight nibbling on the ID and would
be classified as good condition. The rod has minimal wear and exhibits
only one very small mark which is deeper than the original 12-16 RMS
finish. Leakage was 30.15 m? static, .05 ml low temperature, and 187 ml
dynamic. Diametral clearance was .0030.

Candidate B22; CEC4862-214NC; C. E. Conover Co.

See Figure 155. The two stage backup cross section was worn
to .10 at one location versus .121 for a new backup. The O-ring had very
11ttle nibbling on the ID and would be classified as good. There is no
appreciable wear of the rod. Leakage recorded was 37.2 ml1 static; 3.05 ml
Tow temperature, and 25 ml dynamic. Diametral clearance was .0027.

Candidate B35; $32975-214-19; W. S. Shamban.

See Figure 156. No damage occurred to the O-ring. The ID
of both backups conformed to the rod diameter of .998 inches. The cross
section of the outboard backup was .1097 versus .108 minimum for a new
backup. Wear on rod 1s greatest where both the seal and scraper 1 and 2
percent strokes occurred. Depth of wear is sufficient to obliterate 12-15
RMS finish marks. In areas where only the rod or the scraper passed, wear
1s Tow to moderate. Leakage was O static, 1.95 m1 low tomperature, and
6.0 ml dvnamic. Diametral clearance was .0030.

Candidate B35 in Aluminum Bronze Bushing

See Figure 157. The outobard backup is very worn. The ID
of the outboard backup is & 1.004. The cross section of outboard backup
averaged .084 versus .108 min for a new backup. The O-ring had very 1light
nibbling on the ID. Rod is worn in area exposed to 1-2 percent stroke
sufficiently to remove original 12-15 RMS grind marks. Wear of chrome is
approximately .0002 on the diameter in the most worn area. Leakage was
.05 m%oggatic. 0 lTow temperature, and 2.4 m1 dynamic. Diametral clearance
was . .

Candidate B35 with PNF O-Ring

See Figure 158. The PNF O-ring is undamaged. The backups
have minimal wear. The rod has a very small area approximately .62 x .25
where wear has removed the 12 to 15 RMS grind marks on the chrome. There
is no measurable difference between original and current rod diameter. No
leakage was recorded for the static, low temperature, or dynamic
conditions. Diametral clearance was .0029.
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Candidate RS7; $33050-214P-99; W. S. Shamban

T T Ry

See Figure 159. There is no eviderce of nibbling or eny damage
to the elastomer. The ID of the plastic poriion of the seal conforms to
the rod diameter of .9976. Some discoloration of the chrome cccurred due
to the MoSz filler in the seal. Leakage for Candidate RS7 was 11.1 m)
static, .1 ml lTow temperature, and 7.35 m1 dynamic.

PEEoE )

Candidate TRS4-UV; CEC5056-214; C. E. Conover Co.

T TR ATTI

, Inboard Seal. See Figure 160. The trapezoid backup is very worn
' with a reduced cross section averaging .083 inches versus .109 min for a

ﬁ new backup. The ID is a loose fit on a 1.005 diameter plug gage. The

b elastomer fits on a .982 diameter plug gage and exhibits a uniform light

1 nibbling or fretting around the ID next to the backup.

Eﬂ Outboard Seal. See Figure 161. The backup cross se:tion is
g .1175 with an 10 = .9977. The elastomer has no evidence of use.

The rod 1y in excellent condition. The only evidence of use is a
number of very 1ight burnished marks running axially which are about equal
in depth to the original 13 -14 RMS grind marks. Leakage was zero for the
static, low temperature and dynamic conditions.

Candidate TRS6-UV; CEC4981-214; C. E, Conover Co.

{ Inboard Seal. See Figure 162, The 1nboard backup is extruded
3 toward the cylinder Indicating pressure between seals. The O-ring has
rolled and shows much fretting and nibbling over much of the outboard

side. The outboard backup ID 1s loose fit on a 1.0042 diameter plug 3
‘ gage. Cross section of outer backup is ..1.01 versus .118 minimum for a ;
J new backup. : 1

Qutboard Seal. See Figure 163. The O-ring has 1ight nibbling -
around the 1D on the outboard side. It did not ro)1. The outboard backup ]
ID 1s a Toose fit on a .9977 diameter plug gage. The inboard backup is a
loose fit on a 1,0042 diameter plug gage. Cross section 1s .1199. The
rod is 1n excelient condition. Only a slight discoloration in wear areas
with very 1ight axial marks indicate the rod {s used. Leakage was zero
for the static, low temperature and dynamic conditions.

Candidate TRS20-UV; §33050-214P-99; W. S. Shamban Co.

[ -

See Figures 164 and i65. The inboard and outboard seals were in
excellent shape ugon conclusion of testing. The elastomers exhibited no
wear or damage. The rod has a uniform pattern of axial wear marks that
are deeper than the .12 to 15 RMS grind marks on unworn portions of the
rod. No leakage was recorded for the static, Tow temperature, or dynamic

conditfons.

e s Wi i W eV, S
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Candidate TRS21-UV; S$33157-214-19; W. S. Shamban

See Figures 166 and 157. The {nboard and outboard seals still
have an interference fit with the rod. The seals shows no effect from the
test. Leakage was zero for static, low temperature, and dynamic
conditions. The rod has an area 1.87 x .38 of wear which has removed the
original 12-16 RMS grind marks. There are seven distinct graduations in
wear/discoloration of the rod. Beginning at the piston for 1.75 inches 1s
an area of no wear. From 1.75 inches to 2.65 inches the chrome is
slightly darke- in the area contacted during the 10 tuv 100 percent
cycles. From 2.65 to 3.8 'nches is an area contacted by both se2ls for 1
- 2 percent cycles on inbcard seal and 10 - 100 percent or outbecard. From
3.8 to 4.65 1s an area contacted by both seals for all cyr‘es. From 4.65
to 5.8 s an area contacted by the fnboard seal on 10 - 100 percent cycles
and the outboard seal on 1 - 2 per cent cycles. 5.8 inches tu 6.7 is
contacted by the outboard seal on 10 - 100 percent cycles. Greater than
6.7 irches was contacted by the wiper only.

Candidate S7; 120-218-1709; Dowty Ltd.

This scraper candidate was installed to evaluate rod wear on four
of the seal test assemblies. Upon conclusion of tests, none of the four
samples exhibited any wear or damage. Rod wear was not increased by the
addition of a scraper. See Figure 168 for typical ~ppearance of scCrapers
following test.
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Figure 154. Candidate B1 After Long Life Test. Note ;
severely worn areas on backup. U-ring is in good :
condition,
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B22-2R-LL

Figure 155, Candidate B22 After Long Life Test. O-ring
is in good condition.
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Figure 156. Candidate B35 After Long Life Test. 0-ring 5
is in excellent condition after 13.31 x 106 endurance
cycles.
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B R b e T

OUTBOARD
BACKUP

B35-5R-LL

Figure 157, Candidate B35 After Long Life Test -
Aiuminum Bronze End Cap Installation. 0-ring is in good
condition. The outboard backup ID was 1crse fit on rod

after tests.
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| B35-6R-IL
y

Figure 158. Candidate B35 After Long Life Test - With
PNF 0-Ring. O-ring is PNF material and is in excellent
condition. Seal had zero leakage in 13.31 x 10
endurance cycles.
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' RS7=-3R-LL

Figure 159, Candidate R:7 After Long Life Test. Seal
and backup are in excellent condition.
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TRS4-UV-8R-LL
18T STAGE

Figure 160. Candidate TRS4-UV (1st Stage) After Long
Life Test. The backup cross section has worn
approximately 25 percent and the ID is greater than 1.005
inch.
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Figure 161.
Life Test.
condition.

TRS4-UV-8R-LL
2ND STAGE

Candidate TRS4-UV (2nd Stage) After Long
The seal and backup are in excellent
Zero leakage was recorded.
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TRS6-UV-0 k.. ing
1ST sTAGE

Figure 162. Candidate TRS6-UV (1st Stage) After Long
Life Test. O0-ring is in poor condition.
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TRS6-UV-9R~LIL,
" | 2ND STAGE
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Figure 163. Candidate TRS6-UV (2nd Stage) After Long
Life Test. Redundant backups were a loose fit on rod.
Two stage installation did not have measurable leakage.
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1ST STAGE

»

Life Test. Seai and backup are in excellent condition.

Figure 164. Candidate TRS20-UV (1st Stage) After Long 5
Backup was nicked (arrow) during removai. 4
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Figure 165.
Life Test,
leakage.

TRS20-UV-10R--T.1.
2ND STAGE

2 N

Candidate TRS20-UV (2nd Stage) After Long
Two stage installation had zero external
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INBOARD

BACKUP
L

TRS21UV-7R-LL
1ST STAGE |

Figure 166. Candidate TRS21-UV (1st Stage) After Long 1
Life Test. Seals is in excellent condition.
1
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TRS21UV-7R~-LL
2ND STAGE

Figure 167. Candidate TRS21-UV (2nd Stage) After Long
Life Test. No external leakage occurred.
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Figure 168. Candidate §7 Scraper After Long Life Test,
This sampie is representative of the ftour samples of 57

in the Long l.ife Test.
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5. DISCUSSION OF ANALYTICAL STUDIES CONDUCTED

5.1 Comparison of 0-Ring Condition with Several Performance
Parameters.

Several comparisons of O-ring condftion versus another
characteristic were made to see 1f any correlation can be made to backup
performarce. The comparisons are only of single stage square or
rectangular shape backups which have completed 1.29 x 100 to 3.17 x
106 cycles of testing. If rod scoring caused removal, the backup was
not included in the comparisons.

%
|
3
|

= 5.1.1 Leakage versus O-Ring Condition.

’_;‘ The first comparison 1ists {ncreasing leakage versus O-ring
r condition. Here, O-ring condition is the actual condition of each O-ring
% after test. Candidate B25 is not included because leakage is unknown.

b W e bt il o L

’: Test Leakage - Drops Candidate 0-Ring Condition

0 Bl G !

0 89 E \

0 Bi¢ F !

0 BY G

0 B24 G 3

1 B33 P 1

. 2 B34 G 1
1 3 B4 F i
~ 5 B2 G P
ff 8 Bl F »
11 B17 P o

12 B5 P :

15 B2l p i

42 B9 F i

: 248 B5 P X
1850 B2l P ;

Leakage Fajlure 81 P ;

Leakage Failure B3l p !

|

This comparison, which considers the appearance of the O-ring
after test, shows that the O-ring must be severely nibbled before leakage is
affected. Candidate B2 lTeaked five drops with minimum O-ring damage while
: Candidate B33 had one drop leakage and the O-ring was in poor condition. Of
‘ this group, only B21, Bl and B3l failed due to leakage based upon a criteria
y of 1 drop/25 cycles for 50 and 100 percent cycling plus 2 drop/hour for 1, 2,
i and 10 percent cycling. Protection of the O-ring 1s important. Referring
back tu Table 8, there were no good or excellent condition O-rings which had

excessive leakage.
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5.1.2  Bore/Rod Diametral Clearance versus O-ring Condition.

The next comparison 1ists increasing diametral clearance versus
0-ring condition. In addition to the constraints 1isted in paragraph 5.1,
this 11st excludes backups which were not impulse tested. MS28774 (Bl)
backups used with additional scraper tests but not shown on Table 8 are
1ncluded i1n this compari son.

Clearance Candidate 0-Ring Condition 3
.0024 B16 F i
.0025 B9 E
.0030 B17 P b
.0031 B33 P
.0032 B21 P ;
.0035 B1 P 3
.0036 Bi G N
.0038 B1 F i
.0039 B2 G ;
.0039 B1 P
.0039 B P ]
.0039 B1 p K
.0042 B4 F -
.0042 B5 p !
.0043 B34 G |
.0043 B1 p 3
.0043 Bl P 3
. 0045 B25 p :
.0045 B31 p ]
. 0045 Bl P .
.0047 B24 G B
.0047 Bl p 4
,0047 B1 p | 1‘{

The comparison shows that O-rings were in poor condition with
clearance as low as .0030. O-rings were 1n good condition with diametral
clearance as high as .0047. The range of Aiametral clearances used in
sc reening tests did not seem to affect backup performance.
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5.1.3 Worn Backup Cross Section versus O-ring Condition

The next comparison is backup averaae cross section dimension
after test versus O-ring condition.

Cross Section W - in Candidate 0-Ring Condition !

.0935 B16 F }

.09405 Bl F i

.1026 B4 F i

‘ 11080 B9 F |
: .1092 Bl F ?
{ .1100 Bl G 3
; .11005 Bl P 4
g .1108 B31 P g
! .1131 B17 P :
; 1142 821 P - 1
.1158 B2 G 4

| .1164 85 P '
] .1165 B5 P i
? .1169 B9 E 5
; .118 B25 P &
, .1185 824 G ;
g .1189 B33 p !
| .11905 B26 p 4
.12165 B32 P 3

{

This comparison shows that no rectangular backup maintained
the 0-ring in excellent condition when W was below .1169 inches. However, a
number of backups allowed O-ring damage to the poor condition between .1169
and .12165 inches, indicating other factors must be considered in what makes a

: good backup.
? 5.2 The:mal Expansion Study on Backup Rings

In an effort to determine 1f O-~ring nibbling is related to
1 backup ring dimensions at operating temperature, a detail study was made of
g seven candidates. The study used actual measured dimensions of the groove,
bore, and rod. The candidate backups were measured after testing. The
measured dimensfons were assumed to be at 70° F reference. The equivalent
dimensions at 275° F were calculated using published coefficients of thermal

expansion.

T
S T

i el i e

The diametral clearance of the backup with the rod was
determined at 275° F by calculating the clearance assuming no restraint on
growth of the backup. The clearance at the backup outer diameter was
calculated. If the OD relationship was a clearance at 275° F, zero was
subtracted from the ID clearance. If the OD relationship was an interference ;
at 275° F, the amount o’ 0D interference was subtracted from the ID clearance ;
since the backup ring obviously cannot have an OD greater than the groove ID. g

Rt b o L el T P S M
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Backup to Rod Relative
Diametral 0-Ring Leakage Cold Flow
Candidate Material Clearance Cond. (Drops) of Backup
B15 Polyimide (SP-1) .0020 P N. A. None
B21 Glass/MoS» Filled TFE .0076 P 1850 None
B2 Proprietary Filled Turcon .0088 G 5 Low
Bl6 Unfilled TFE .0129 F 0 High
B4 Revonoc 18158 .0129 F 3 High
B3 Proprietary Filled Turcon .0102 E 2 Low
B8 Unfilled TFE .0130 E 2 High

The first five backups are uncut, rectangular cross section, and have
initial interference fit on the rod. The last two backups form an angle
of 55 - 60° F with the rod on the face against the O-ring.

Comparing the first five backups which are similar except for
material, the backup diametral clearance does not appear to be related to
V-ring condition. A better correlaticn can be made with the relative cold
flow of the material. The materials with no cold flow gave poor O-ring
conditfon. The materials with high cold flow gave only fair O-ring
condition. The Shamban compound 18 (proprietary filled Turcon) material
with Tow cold flow gave a good O-ring condition. Figure 169 attempts to
graph this relationship using hardness as the X-axis parameter and O-ring
condition as the Y-axis parameter. This graph suggests that the ideal
backup ring material 1ies between unfilled TFE with Rockwell hardness of

R58 and polyimide (SP-1) with Rockwell hardness of E51.

Since Nylon with a hardness of R118 is too hard as a backup
material and unfilled TFE with hardness of R58 is on the soft side, it is
estimated an ideal material would have a hardness equal to the average of
the two materials. Therefore, (58 + 118)/2 = 88. Perhaps a material with
Rockwell hardness of R8Q to 90 wouid make a good backup ring material.

Other material properties should also be considered. An absolute
1imit on deformation would be chat for unfilled TFE. An extrapolation
from 1iterature shows that unfilled TFE has a deformation of 48 percent at
3000 psi compressive stress for 1000 hours at 212°F. Tne deformation of
an ideal material would be less than this value for unfilled TFE.

Backup ring shape appears to improve performance. Candidate B3
is the same material as B2 but forms an angle with the rod on the face
towards the O~-ring. The diametral cleara:ce of B3 was similar to BZ,
however in two separate tests, U-ring condition was excellent with B3.
Candidate B8 is the same materfal as B16 but forms an ang'e with the rod
on the face toward the O-ring. The diametrail clearance cof B8 was similar
to B16, however in two separate tests, O-ring condition was excellent with
B8 despite extreme variation in wear of B8 in the two tests.
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N-RING CONDITION

EXCELLENT r——--—-------.---‘--- N

GooD

/

R118
(Nyton)

FAIR

Ty

////

f=———"——R58 (UNFILLED TFE)

REVONOC 18158

F—?—.-

Shamban Compound 18 ——J

GLASS/MOLY FILLED TFE ———
E51 (POLYIMIDE SP-1)

INCREAS ING HARDNESS ~— ———m

Figure 169. 0-Ring Condition Versus Backup Rockwell Hardness
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During the Long Life Test and the additional screening test
Candidates B23, B30, and B35 were tested. These backups were of three
different material: but had the same dimensions and configuration as B3.
Three samples of b35 completed the entire 13.31 x 106 cycles with an
average leakage of only 0.6 drop/day. Four of the five O-rings installed
with B23, B30, and B35 were removed in excellent condition.

The large clearances calculated for the seven backups used in the
thermal expansion study are probably a factor in O-ring damage. The
trapezoid and triangle shaped backups evidently compensate by imposing a
radial load into the backup as one of the components of force due to
pressure acting on the O-ring. Materials which have relatively high
deformation at the test conditions such an unfilled TFE compensate by
deforming under Toad sufficiently to adapt to the rod diameter with
changing temperature and pressure. Unfortunately, a material which
readily deforms is also subject to extrusion. The amount of initial
interference fit can also compensate by making the initial . ‘“2rference
fit equal to or greater than the thermal expansion from 70 1u 275°F.
Ideally, the strain induced by the interference fit should not exceed the
strain for the material corresponding to tensile yield strength. Also,
the material may experience tensile stress sufficient to yield the plastic
when cooled to -65°F.

To summarize; If it is accepted that th. O-ring will be protected
if the backup maintains intimate contact with the rod, there are three
ways to help maintain that contact.

(1) Using a backup material which has sufficient cold flow.

(2) Use an initial interference fit with the rod equal to or
greater than the thermal growth anticipated.

(3) Use a triangie or trapezoid shaped backup to utilize a
component of pressure loading to overcome growth due to thermal expansion.

5.3 Thermal Expansion Study on Scrapers

The inner diameter of the scraper candidates was measured at room
temperature before testing. The diameiral fit was calculated at 170° F
using the following formula:

d2 d1 [l +a (T2 -T1)3

where: dz = diameter at T2
dy = diameter at T
a ¥ coefficient of thermal exparzion
Ty = tenperature at test condition
Ty = initial temperature
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” '- Table 14 shows the results of the analysis. Three candidates apparently
¢ did not have an interference fit with the rod at 170° F which was the

5 ' minimum ambient temperature for the scraper screening tests. S9 of Hytrel
E material had .0N75 interference initially but had .00181 clearance at 170°
F. S9 ranked eleventh in contaminant exclusion. S1 had .0025 inter-

£ fereme inftially and had .00372 cl2arance at 170°F. S1 tied for seventh
:, in contaminant exclusion. The wear pattern on the ID indicated that the

O0-ring energizer helped to maintain a portion of the scraper against the
rod. Candidate §7 which ranked third in contaminant exclusion had an
00731 interfererce fit at 170° F. Candidate S2 had .0040 clearance at
170°F and placed fourth. The O~ring loading evidently compensated for the
thermal expansion.

The correlation of contamination exclusion to scraper
clearance with the rod suggests that maintenance of contact between the
scraper and rod is essential. This 1s particularly true if the scraper
has nc positive Yoading device such as an O-ring to help maintain contact.
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6. DISCUSSION OF ROD WEAR

Two types of rod wear were observed during the tests conducted in
this program. The first type of wear is that which is due to the material
of the candidate seal or scraper being tested. The second type of wear
can be described as scoring or galling of the chrome plate on the rod.
Wear due to the elastomers i'sed was negligible.

6.1 Normal Rod Wear Observed Due to Plastic Materials.

For all backups, seals, and scrapers, a total of 22 plastic
ﬂ?t§r1a1s were evaluated. Rod wear was classified as low, moderate, or
gh.

Low wear 1s defined as no wear to very superficial evidence of
wear. Superficial wear was sometimes characterized by the appearance of
small bright spots in the chrome where the highest irregularities in the
grind marks had been worn off.

Moderate wear was characterized hy axial marks in the chrome,
some degree of surface finish change to the extent that axial marks and
surface wear had obl{terated some of the original nominal 12 - 14 ms
surface finish,

High wear is defined the same as moderate wear except number and
depth of axial marks are higher and amount of surface area which is
affected is higher.

The photographs can be misleading as to severity of wear due to
1ighting effects and due to the discoioration of the rod by MoS, and
other dark colored fillers.

Materials which had a tendancy to be abrasive were more abrasive
when loaded into the rod by some means. Therefore a material which gives
moderate rod wear when tested as a backup or seal may give low rod wear
when tested as a s¢raper.

Table 15 classifies materials according to rod wear observed when
the material was tested as a backup, seal, or scraper.

Figures 170 thru 191, selected from the scraper and backup
sc reening tests, show the wear pattern observed for each material.

Figures 192 thru 200, from the single stage rod seal screenin%
tests show the damage to the rod from the high side loads imposed by the
short stiff tubing used to plumb the actuators together. Just to the left
of the savere damage is the area contacted by the candidate seal.

Figures 201 thru 209, show the rod condition for the various
materials after 13.31 x 106 cycles of the Long Life Tests.

Figures 210 thru 216, show more detail of the type of wear
pattern chserved with several of the scraper and backup materials included
in the addftional screening tests.
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TABLE 15. ROD WEAR RATING OF PLASTIC MATERIALS

Material Supplier Backup Seal Scraper
Unfilled TFE - L g
Compound 14 W. S. Shamban M M L a
Compound 18 W. S. Shamban M M i
Compound 19 W. S. Shamban L/M !
P Compound 20 W. S. Shamban L ;
i Compound 99 W. S. Shamban M f~
P Revonoc 6200 C. E. Conover L L ?
F = Revonoc 18156 C. E. Conover L | !i
L Revonoc 18158 C. E. Conover L L L !
F Polyimide (SP1) --- H d
: Polyimide (SP21) - M g
, Tetralon 700 Tetrafluor L |
‘ Tetralon 720 Tetrafluor L L ?
" Bronze -—- M !
| Acetal Resin Tetrafluor L L 1
F {
: Polyurethane with MoS, Parker Packing L j‘
Thermoplastic rubber (Hytrel) Greene, Tweed L o
Polyurethane Disogrin L ‘}
Ny Ton Greene, Tweed H 4
TFE with carbon filler Tetrafluor M L 1
Acetal Resin with TFE filler Tetrafluor M i
Low/High Carbon filled . ;'a
Polymer Tetrafiuor L ?
|
Legend: L - low ]

M - moderate

H - high
!
i
i
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6 g%raper Wear on Chrome Rod After Scraper
1

)
cycles). Wear is low.

Figure 170. Revonnc
Screening Test (S1; 3.

w O
x

Cohe PV AY A VRN

4

Figure 171. Acetal Resin Scra%er Wear on Chrome Rod After Additional
Screening Test (S7; 3.3/5 x 10° cycles). Wear is low.
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Figure 172. Polyurethane with MoSp Filler Scrgper Wear on Chrome
Rod After Scraper Screening Test (S8; 3.3 x 10° cycles, Parker
Molythane material). Wear is light,

PG

RN < paayaiarran-
Figure 173. Bronze Scraper Wear on Chrome Rod After Additional
Screening Test (S$12, MS28776M9, 3.375 x 100 cycles). Wear is
moderate. Typical for Candidate S6 also.
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Figure 174. Polyurethane Scraper Wear on Chrome Rod After Scraper
Screcnina Test (S143 3.3 x 10° cycles). WNear is light.
A
]
L
1
1
1
e e e !

Figure 175. Glass/MoSp Filled TFE Scraper Wear on Chrome Rod After
Scraper Screening Test (Shamban Code 14 material; S15; 3.3 x 100
cycles). Wear is low. f




LRy s Ve
Figure 176. Hytrel Thermoplastic Rubber Scraper Wear on Chrome Rod
After Additional Screening Test (S16; 3.376 x 106 cycles). Wear s
Tow. Typical for S9 also.

Figure 177. Carbon Filled TFE Scraper Wear on Chrome Rod After
Additional Screening Test (S$17; 3.375 x 106 cycles). Wear is low.
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Figqure 178, Revonoc 18158 Scraper Wear on Chrome Rud After Additional
Screening Test (5195 3.376 x 109 cycles). Wear is low.
4
1
{
|
\ Figure 1/9. Shamban Code 18 Backup Wear on Chrome Rod After Scraper !
t Screening Test (B3; 3.3 x 100 cycles). Wear is moderate. j
? |
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Figure 180. Unfilled TFE Backup Wear on Chrome Rod After Scraper
Screening Test (BY; 3.3 x 100 cycles). Wear is light. Typical for

Candidates B1 and B&,
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Figure 181, Tetralon 700/Glass/MoSy Two Stage Backup Wear on Chrome
Rod After Scraper Screening Test (B20; 3.3 x 100 cycles). Wear is

1ight,
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Figure 182, GTass/MoS2 Filled TFE Backup Wear on Chrome Rod After
Scraper Screening Test“(Shamban Code 14 material; B21, 3.3 x 10°

cycles). Wear is moderate.

Figure 183, HRevonoc 18158 Backup Wear on Ch}ome Rod After Scraper

Screening Test (822; 3.3 x 100 cycles). Wear is low.
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Figure 184. Shamban Code 20 Backup Wear on Chrome Rod After
Additional Screening Test (B23; 3.375 x 106 cycles). Wear is low.

Y o VRN Vel \ K.
Figure 185, Revonoc 6200 Backug Wear on Chrome Rod After Add1t1ona1
Screening Test (B24; 3.375 x 10° cycles). Wear is low.
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Figure 186. Polyimide (Vespel SP-21) Backup Wear on Chrome Rod After
Additional Screening Test (B25; 3.375 x 106 cycles). Wear is high, *
‘w
;
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Figure 187. Delrin Acetal Resin Backup wegr on Chrome Rod After ;
Additional Screening Test (B28; 3.375 x 1C° cycles). Wear is 1ight. i
3
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Figure 188. Shamban Code 99 Backup Wear 02 Chrome Rod After
Additional Screening Test (B30; 3.375 x 10° cycles). Mear is
moderate.

Figure 189. TFE filled Delrin Backup Wear on Chrome Rod After
Additional Screening Test (B31, 3.375 x 106 cycles). Wear is high.
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Figure 190. Tetrafluor Low Fill Carbon Po ymer Backup Wear After

Additional Screening Test (B32; 1.275 x 106 cycles)., Wear is low.
Tynical for B34 also. Arrows denote damage due to scoring, see 3
paragraph 6.2. %
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Figure 191. Carbon filled TFE Backup Wear on Chrome Rod After ;
Additional Screening Test (B33; 1.85 x 106 cycles). MWear is i
moderate. i
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is Tow.

00 Seal Rod Wear. Area contacted by RS26 seal
Wear 1S

Revorioc 62
denoted by arrows.

Figure 196.

1S

216 -

Area ccntacted by

trile Seal Rod Wear.
Wear is low.

i

Unfilled TFE/N
1 is dencted by arrows.

Figure 197.
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6.2 Scoring or Galling of Rod Chrome Plating

Local{zed we~r through of the rod chrome plating occurred several
times during the screening tests.

Rod chrome wear through occurred on chew tester assembly No. 6 at
400,979 cycles and on No. 2 at 226,077 cycles during the backup ring
screening tests. The problem was corrected by careful alignment of end
, caps when assembled and by accurate torquing of tie rod nuts to 175
: 1b-in. Also a test for breakout of rod friction by pushing with hand
’ force on the rod was made on each assembly. Using the above techniques no
rod wear problems occurred during the scraper screening tests.

RIS T N e s

During the single stage rod seal screening tests cylinder
assembly No. 6 developed high dynamic leakage after 686387 cycles. This
assembly was an entirely different installation than for the backup and
scraper tests. When examined the rod had a semicircular wear spot
completely through the .0015/.0020 hard chrome plate. The bore of the
17-4 PH end cap was galled and worn at the outer edge in contact with the
rod. The length of the wear pattern corresponded exactly to the rod area
in contact with the end cap during the 1, 2, and 10 percent amplitude
cycles of the endurance spectrum. At the time the other piston rods weve
examined with the system shut down. No evidence of wear was observed on
other rodsl, Since the wear problem appeared to be an isolated case it
! was determined to install a new rod, another end cap, and new seals and
' resume testing of assembly No. 6. The end cap chosen was fabricated of

aluminum bronze.

The assembly was reinstalled into the test setup at 1.66 x 106
cycles with the requirement to check for rod wear once each day. Since
the check for wear was being done with the system shut down, it was not
determined until several days later that wear was occurring on assembly
number 6 as well as the other nine assemblies. The wear was detected on
the ten assemblfes only when the rod was stroked at least +1.4 inches.

4
1
1

o

;
?

1
u
A
i

¥

3
!

P e e

w8 1A% T o

The area worn on the rods only passed under the candidate seals
during the 50 and 100 percent amplitude cyciing. Therefore, it was

determined to finish the screening tests by retracting the rods .4 inches
to a new neutral position so that a good chrome plated area contacted the

end cap. The 5C and 100 percent amplitude cycling was omitted. The
deletion of this portion of the endurance spectrum would reduce total rod

travel under the seals by only 1.5 percent.

Upon conclusion of tests, the assembly with the aluminum bronze
end cap exhibited the same wear pattern as the assemblies with the 17-4 PH
end caps except the rod surface finish was much better in the wear area.

R A el s, e iy AN S, SRR R o

1This conclusfon was subsequently found to be in error. Due to the
torsfon bar spring loading of the cylinders the rods were pushed into the

cylinders sufficiently to hide the wear areas.
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Figure 217 shows the location of the wear area in relation to the
end cap and seal candidate.

The source of the side loading remained unknown until the start
of the two stage rod seal tests. Prior to the tests the retract end
plumbing was revised on all cylinders to remove the short stiff 1/4 inch
diameter tubing and to substitute looped 1/4 inch tubing. A spring scale
was being used to evaluate the effectiveness of this changje when it was
discovered that one of the assemblies required a 16 1b side load at the
rod to allow Insertion of the pin in the rod end. The other assemblies
were tested with side load varying from 5 to 14 1b. These side loads were
due to the extend end plumhing which was comprised of 1/4 inch diameter
short stiff tubing and also due to fabrication tolerarzes on the new
retract end plumbing.

The extend end plumbing was replaced with looped 1/4 inch tubing
and TFE 1ined hose was installed in place of the 1/2 inch diameter tubing
used for extend and retract lines from the mechanical servo-valve to the
distribution 1ines in the insulated box. All tubing was hand formed and
checked for misalignment. When finished, side loads were less than or
equal to 5 pounds which corresponds to the weight of the cylinder assembly.

At this point, while the source of the side loads was apparent,
the number of 1 per cent stroke cycles to be accomplished encouraged
another modification to the test setup. The electronics controlling the
amplitude and frequency of cycling was revised to superimpose the 1, 2,
and 10 percent stroke cycling onto a .05 Hz 50 percent stroke cycle (% 1
inch amplitude). This cycling is very similar to the flight history data
reviewed to derive the endurance spectrum. The data showed that as a
surface made a major displacement there were many random minute
displacements from the nominal position of the surface, undetectable to
the eye but recorded by the instrumentation.

In subsequent Long Life testing, the rods were inspected
frequently with no recurrence of the rod wear probiem.

During the additional screening tests, rod scoring occurred three
times on Chew Tester Assembly No. 6. After each failure, the rod was
replaced, the end cap bore was refinished to an 8 - 16 ms surface and the
assembly was reassembled with a requirement that the rod could be pushed
by hand after all torquing was completed. These actions did not eliminate
the problem and the assembly was removed from test after 1.76 x 106
cycles. A1l other assemblies completed 3.375 x 106 cycles with no
problems. Figure 190 shows the damage to the chrome plate as a result of
scoring. The damaged area is denoted by arrows.
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7. DISCUSSION OF LEAKAGE COLLECTION

Throughout the screening tests the collection of leakage from
each seal was planned for by the installation of a clean plastic bottle
connected by a 1/4 inch diameter aluminum tube to each end cap. In most
installations the tube was connected by fittings to a port on the under
side of the end cap just outboard of the candidate seal. In a few
{nstances where no port was available due to the number of seals installed
in the end cap, the tube was attached to the end of the end cap 1n a
» manner to collect any fluid dripping from the end of the end cap. In the
; course of testing, 1t was discovered that other factors affected leakage
collection.

TR T R L S T e g TN e TR BT e T

i In the backup ring screening tests it was necessary to raise the

ambient temperature in the insulated box to 280 - 290°F in order to

achieve 275°F 011 temperature at the test housings. The box was heated by

: blowing heated shop air into the box thru a tube with drilled holes
equally spaced along 1ts length to distribute the air. It was discovered
that leakage would not always accumulate at the place provided but tended
to accumulate on the underside of the rod. The hot air evaporated the
volatile components of the oil leaving a black viscous residue.
Subsequently, a special room temperature ambient, 1000 cycle leakage test
was performed on the backup ring candidates to be able to make judgements
on backup ring candidate leakage.

1 During the scraper test, backup candidates were tested on the end
of the test housing opposite the scraper test. A M83461/1-214 0O-ring was

installed as a wiper outboard of each hackup ring candidate installation.

Leakage was collected with no problems. During the single stage rod seal

tests, the wiper 0-ring was installed outboard of each seal candidate and
once again leakage collection was positive and accurate.

During the two stage rod seal tests, no groove was available for
a wiper and all leakage tended to accumulate on the underside of the
piston rods and to become a black viscous residue. The only judgement
which can be made about two stage rod seal leakage was based on wiping the
underside of the rod for each candidate. If the rod had an oil film or
collection of residue, it can only be stated that leakage occurred. Some
of the rods so wiped were dry, with no oil1 film or residue. It is assumed
these candidates did not leak.

These difficulties stress the importance of the use of a wiper
outboard of the candidate to be sure all leakage accumulates in the
collector provided. The wiper should be an O-ring so that rod surface
finish 1s not affected. The only exception to the use of a wiper O-ring
is when the 2ffect of air aging of the candidate during the test is a
factor.
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8. DESCRIPTION OF TEST SET UP

A1l tests in this program were conducted on one test system which
was capable of being converted into two configurations.

The first configuration used eight cylinders configured as chew

testers. The extend and retract ports of all cylinders were
interconnected. The cylinders were driven by an electrohydraulic
actuator. The electrohydraulic servoactuator was controliled by a wave
generator and amplifier to allow consistent reproduction of the mechanical

endurance spectrum.

The second configuration used ten single ended actuators which
were loaded externally by a torsion bar for euch actuator. The actuators
were controlled by an aircraft type mechanica input servovalve operated
by an electrohydraulic servoactuator.

8.1 Test Articles.

8.1.1 Chew Testers. All screening tests on scrapers and backup rin%s
were conducted Tn chew testers. Each chew tester assembly consisted of a
double ended commercial actuator with Vought designed end caps
substituted. The actuator was made to function as a chew tester by
connecting extend and retract ports together. Figure 218 shows this

assembly.

8.1.2 Sand and Dust Application. The device used to apply standard AC
coarse test dust to the cycTing rods during the scraper screening tests is
depicted in Figure 219 which shows a chain driven rotating cannister with
two angled internal blades. As the cannister rotated, each blade picked
up contaminant and distributed it along the top of the piston rod. The
test set up operated eight cannistars simultaneously by an electro-
mechanical drive with infinitely variable transmission. A1l cannisters
contained 9 cc of standard AC coarse test dust and were rotated at 20 * 3
rpm. The test dust was vacuumed out of the cannisters and replaced at
regular intervals to minimize the effect of oil1 soaking into the
contaminant. Figure 220 shows the cannisters and chain drive.

The rotating cannister used to apply the standard AC coarse
contaminant worked very well. While the volume of contaminant applied to
the rod per unit of time is much greater than would be experienced on an
atrcraft, the concept still is a compact, Tow cost way of uniform
application. Problems encountered with the design used were minor. The
1.25 inch diameter access hole used to vacuum out used contaminant
required excessive time to vacuum out all of the contaminant. An
improvement would be to design the cannister so that it could be easily
removed from the end cap for cleaning and reservicing with fresh
contaminant. The cannister housing was a deep drawn .050 wall aluminum
can commercially available. The cans were easily bent in the course of
assembling the cannister. An alternate macerial which would be
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satisfactory is polyacrylic tubing. A full size model of the cannister
was made of acrylic plastic tubing of 3.00 0D and .125 wall which could
have worked satisfactorily in the test set up. The idea of removing oil
contaminated contaminant every two test days was satisfactory. If time to
remove the contaminant is minimized, daily rcplacement of contaminant
would be an improvement.

8.1.3 Test Cylinders. Al1l screening tests on single and two stage rod
seals as well as the Long Life Tests, were conducted using single ended
commerical actuators. The actuators were modified by the substitution of
Vought designed end caps which allowed up to two rod seals and a scraper
to be installed. Figure 221 shows the details of the test cylinders.

8.2 Mechanical Test System

The mechanical test system provides a fixture for the mounting
and cycling of the chew testers and for mounting, loading, and cycling of
the test cylinders. Figure 222 is a photograph of the fixture configured
for the scraper screening tests. Figure 223 is a photograph of the
fixture configured for operation of test cylinders with torsion bar
loading., Important features of this concept are:

. Same stroke on each test article.

. Installation of 1 to 10 test articles.

. Removal of a single test article, with continued cycling on
other test articles.

. Chew testers or test cylinders with minimum modification.

. Single servo actuator can cycle all chew testers.

The load tran<fer component of the test fixture is a torque tube
bellcrank consisting of a tube with bell cranks welded on at equal
intervals. End bell cranks are 180° opposite all others and provide a
pivot point for the torque tube. The "A" members on each side support the
torque tube and are grounded to the base of the fixture. Test articles
are also grounded to the base of the fixture. The assembly provides the
stiffness required to impose the same stroke on each test article.

8.2.1 Chew Tester Installation. The test fixture allowed simultaneous
cycling of eight chew testers. The electro-hydraulic servo-actuator
driver had a 5000 1b. capacity. The electrohydraulic servu-actuator is
designed for high frequency dytnamic testing invelving sinusoidal
oscillations from 0.1 to 100 Hz. The servo-actuator was chosen over a
solenoid valve controlled actuator because it provided for:

. A positive feedback device.
. A method where the stroke and frequency may be raised,
. A source of sinusoidal cycling.
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8.2.2 Test Cylinder Installation. The test fixture imposed the same
stroke on"each cyTinder.” The ten cylinders were controlled by a single
flight control type mechanical servo-valve. The mechanical servo-valve
was driven by the same type servo-actuator used for the chew testers. The
mechanical servo-valve was chosen because it can withstand con<tant
operation at +275°F. Experience has shown that use of electro-hydraulic
servo-valves fn test systems for extended periods at +275°F results in
loss of test time due to failure of the electro-hydraulic servo-valves.
The mechanical servo-valve consists only of a sleeve and slider with two
dynamic seals and eight static seals.
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8.2.3 Control of Stroke. Servo controlled inputs were used so that the
chew testers and the test cylinders were subjected to uniform repeatabie
testing. A single servo-actuator operated all chew tester rods. The
servo-actuator has an integral LVDT for position feedback. The output was

monitored with a position transducer.
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8.2.4 Test Cylinder Loading. Each test cylinder, with a 1-1/2 inch
bore and I-Tnch rod has a thrust of 2768 1bs. when retracting assuming
3000 psi to retract with a 100 psi back pressure on the extend side. Each
test cylinder was subjected to loading prcportional to stroke. The method
of loading was a torsion spring for each cylinder. Several loading
methods was considered. They were:

§ . A single Targe spring for loading of all test cylinders.

4 . Hy draulic cylinders.
. . Individual spring load for each test cylinder.

Spring loading was chosen over hydraulic because less maintenan:e .
is required. A single spring was ruled out because the individual test
3 cylinder loading would vary if a test cylinder had to be removed while a
g seal failure was being analyzed. This reduces the choices down to a
‘ coiled spring or a torsion spring for each test cylinder. The torsion
{ spring were chosen because they are reasonably small for the load levels

required and they could be fabricated in-house. Figure 224 is a

- photograph of the installation of the test cylinders with external
loading. The same test fixture nused for the chew testers is modified for
the test cylinders. Modifications required were:

Differences in grounding the test cylinders

Removal of the electro-hydraulic servo-actuator
Addition and grounding of the ten load springs
Addition of mechanical servo-valve and servo-actuator
Rotation of entire fixture 90° in test cell

8.2.5 Temperature Control. The test articles were in a box fabricated

from plywood faced Tiberglass insulation board. Fluid to the test
articles passed through a heat exchanger using hot air from a supplementai

heater with thermostat control.
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The test articles were cooled by use of liquid carbon dioxide
releasad through an expansion valve. The rate of flow was controlled to
lower the temperature and stabilize within limits for leakage tests at low

% temperature.
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Ambient temperature in the box was controlled by use of hot air
exhausted from a supplemental heater with thermostatic control. All
temperatures were monitored on a multichannel recorder.

s S E—

8.3 Test System Hydraulic Supply

Two independent hydraulic systems were utilized. One systei
exclusively pov:red the electro-hydraulic servo-actuator. The other ,
system was subject to environmental temperatures required of the test
system and pressurized the chew testers and the test cylinders. Figure
225 1s a schematic showing the system for operation of the servo-actuator |
and the system for the chew testers and test cylinders. Thermocouples and
pressure transducers allowed monitoring and adjustment of temperature and
‘ pressure to assure uniform test conditions for all candidates. The
4 initial screening tests of backup rings and scrapers had a single
hydraulic supply system. It was determined in the couurse of testing that
the heat exchangers were not capable of heating the 011 to +275°F without
running above 275°F in the industrial pumping system used. The system was
modified tv two independent circuits. The high temperature loop was
powered by a pressure compensated variable displacement aircraft pump
which allowed up to 275°F in its case drain circuit. This allowed
Timitation of temperature of the inuustrial pump circuit to 180°F.
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Figure 223. Test Setup Used for fingle Stage tod Seal,
Two Stage Rod Seal; and Long Lite Tests. }

- AR




- T v - i T F .

&
)
Y

Y

*43puL| A2 yoed 403 bulpeo]
pue 3)043S WS pPaANSSe (Mcaue) agn3 anbuaoj *SJ4apul 1)
1S9 uo buipeoq teg uoLS.c) JO S|Le}dq H22 24nbLy . . .

b
B

SR

A0 MEENCTIANRL S,




umoys uotrieunbi yuod
31531 34t buoq pue €1eas pod abeys-omy ¢jeas
poa 3b23S-55uLg -aLjewdyds we3SAS 31S3]  °GZZ aunbi4

LINDYID 4,672 1INJ¥IJ 3,081

(dAL;

¥OLVNLDVY 1S3L
ASSV ONIV38 ONV wQHN NN
H

-

YARN

X!

H

A 4

|
._l

-

Lt

) > . rllwl
3in1osayv
YOLVNLIV QAH-O¥ 12313
H3IFGNNS

NOUDIN g —
¥38ANNS &

T e T Y W ST FE T oemarerr s ey e

o e s e et o R R L e

L R e B an 2 2R i e a e n s o, .
i N PR A - A IR

= e — 3 = S — B
i i D LA F T gy m‘:g_ﬂ Laaas - ook A AT .§§:ﬂ§’dﬂuﬂl§)j(§
Y : = .I-, 5 1 R 3 o L ST el e T LY

- 245 -

N TR

wite el s ar s et




4 9. TEST PROCEDURES

§ 9.1 Backup Ring Screening Test.

9.1.1 Test Setup. Install candidates into end caps which are assembled
into chew tester housings. Use an M83461/1-214 O-ring with each back-up

candidate. Install the chew testers into the test setup.

§ 9.1.2 Daily Procedure.
a. Check and record the static leakage from each candidate.
b. Install collectors for dynamic leakage.

c. Circulate ambient temperature fluid through chew tester
housing at a Tcw rate for 5 minutes.

3 d. Begin cycling when fluid temperature is 220 +5°F.

Tl A Ol e ek,

Cycle the chew test rods in accordance with the spectrum

; é.
4 below which is counted as 1 block.

f PERCENT J
: TOTAL STROKE STROKE -~ IN PRESSURE  NO. OF CYCLES j
N 4
i 1 r .02 3000 154616 k|
b 2 * .04 3000 14949 g
: 10 .20 3000 1068 4
§ 50 + 1,00 3000 170 d
: 100 + 2.00 3000 42 . 4
! 170835 ' ;
;' f. Apply impulise pressure of 0-4500 psig at a rate of 30 +5 . 1

cycles/sec for 4545 cycles upon completion of each block.

g. Continue until all candidates fail or twenty two blocks are
accomplished which ever occurs first.

h. Conduct post-test evaluation.

TAATETCLT 0 e e

9.1.3  Rod Bushing Material Screening Tests.

{ a. Assemble one chew tester assembly with an aluminum bronze
4 bushing end cap on the lug end and a standard 17-4 PH end cap on the rod
i end.

f b. Install an !483461/1-214 O-ring and an MS28774-214 backup
(Candidate Bl) as a single stage seal in the aluminum bionze end cap. ‘i

R AT

c. Test simultaneously with backup screening test.

d. Conduct post test evaluatfon.
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9.2 Scraper Screening Test

9.2.1 Test Setup. Rework end caps to accept contaminant application
sy stem shown on Figure 219.

E.' Install candidate scrapers into 17-4 PH end caps and assemble
3 into chew tester assemblies.

Install chew tester assemblies into test system shown on Figure
220 with contaminant application system installed.

Place 9 cc of AC coarse test dust into contaminant containers.

B e S S T e

9.2.2 Daily Procedure. The daily procedure wili be as fallows except
particle counts are to be conducted every three days.

a. Particle count for each scraper candidate: Flow clean
MIL-H-5606 through the top and bottom ports of the end cap into a clean
container until a 175 m1 sample is collected. Forward the container to
the lab for a contaminant particle count. The data should be identified
with date, identification number of candidate, and number of cycles on
scraper.

SEEME A S 00 i ol g

b. Remove the access cover on the contaminant container and
vacuum out ol1d contaminant. Replace with 9 cc of fresh AC coarse test
dust.

i c. Circulate 275 5°F fluid through chew tester housing at .25
2 GPM. Apply 2 drops/hour of MIL-H-5606 oi1 at port between scraper and rod
seal. Raise ambient air in environmental box to 170 +20 -0°F.

g d. Rotate drive system at 25 +3 rpm.

e. Cycle the chew test rods in accordance with the spectrum
below which constitutes 1 block.

ELER T et

3 PERCENT

i TOTAL STROKE STROKES - IN NO. OF CYCLES

1 + .02 124827

2 + .04 12069

10 + .20 862

50 + 1.00 138

100 + 2.00 34

137930

f. Continue until all candidates fail or eighteen blocks, are
accomplished whichever occurs first.

- 247 -

i e L G o G Mt TR s o ™ L R e e G

.
i
§;
|
1
!
'z




T TR Raddabip e Bl ot st A concte - e e
- e T T ———— Y e s ———

i
."

9.3 Single Stage Rod Seal Screening Test.

9.3.1 Test Setup. The test jig and hydraulic system will be set up to
accept actuators w%ich are loaded by torsion bars. The actuators will be
extended and retracted by a mechanical servo-valve which 1s driven by a
servo-actuator.

9.3.2 Dajly Procedure. Each morning, record the accumulated leakage
for each cand{date, aTong with the date, and number of cycles completed.

R R T TR e T

Begin cycling, raise fluid temperature to +275 +5°F.

O L T2 e e SO L TN S €L

Cycle the test cyiinders using the following spectrum which b
constitutes 1 block. i

PERCENT

TOTAL STROKE  STROKES - IN  NO. OF CYCLES
3 1 + .02 156034
{ 2 + .04 15086
; 10 ¥ .20 1078
! 50 ¥ 1.00 172
100 ¥ 2.00 43
1THI3

9.3.3 Low Temperature

s Each five days cool the test cylinders to -65 +5/-0°F and

3 stabi1ize. Apply 5 +5/-0 psig to retract port on cylinder with piston
retracted. Monitor external leakage for one hour in separate clean
containers. (Set containers used for dynamic leakage aside until Tow

I temperature tests are complete).

: While fluid temperature is at -65°F, slowly cycle test cylinders
{ through five complete cycles with pressure build-up to 3000 +100/-0 psi at
* the end of each stroke. At least the first cycle shall be made with fluid
at the specified temperature. Monitor external leakage und record.

T

Continue until failure of all candidates nr completion of 26
blocks are accomplished whichever occurs first.

Perform post-~test evaluation.

Ef 9.4 Two Stage Rod Seal Screening Test

R A S B A -

9.4.1 Test Setup. The test set up will be the same as used for the
single stage rod seal screening tests. Actuators will be used which are

Joaded by torsion bars. The actuators will be extended and retracted by a ;
mechanical servo-valve which is driven by a servo-actuator. 4
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9.4.2 Test Spectrum. The test spectrum derived for this program will
be used except that the 1, 2, and 10 percent strokes will be superimposed
upon the 50 percent (+ l-inch) stroke.

9.4.3 Daily Procedure. Each day, the test procedure will be as follows:

a. Check and record the static leakage from each candidate.

b. Replace containers for dynamic 1eakage collection.

¢. Turn on heaters to oil heat exchanger and to insulated box.

d. Begin cycling. As air and oil heat up, stabilize oil
}ggeerature at 250 to 275°F. Stabilize air temperature in box at 170 to

e. Each day the cycling is to be performed in the following
sequence which constitutes one block:

PERCENT STROKE NUMBER OF CYCLES RATE
1 104479 11 Hz
2 10097 4
10 728 1
50 476 126 61 0.05
100 29 0.19

04955 10223 789 29

If this sequence is completed prior to the end of the work day it will be
started again.

f. At the conclusion of the work day, set aside the dynamic
leakage containers. Install clean, dry containers for overnight static
leakage collection. Apply a 3 foot head of 011 to the retract line of the
test cylinders.

9.4.4 Low Temperature Test. Once a week, in the morning, perform a low
temperature leakage test as follows:

a. Check and record the static leakage from each candidate.

b. Install clean. dry containers for low temperature static
leakaye. '

c. Apply 5 +1 psi to the extend and retract lines.
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9.4.5 Length of Test.

Reduce oil1 temperature to -65 +0/-5°F and stabilize for 15

Maintain test cylinders at -65°F for 1 hour, then cycle
+1-inch for 5 cycles.

Remove leakage containers and record leakage.

Continue at step 9.4.3.b.

be repeated until 28 blocks have been completed.

9.5 Long Life Test

9.5.1 Test Setup.

stage rod seal screening tests.
by torsion bars.
mechanical servo-valve.

9.5.2 Daily Procedure.

a.

b.

c.

d.
190°F.

e.
sequence:

The procedure of paragraphs 9.4.3 and 9.4.4 will

The test set up will be the same as used for the two
Actuators will be used which are loaded
The actuators will be extended and retracted by a

Each day, the test procedure will be as follows:

Check and record the static leakage from each candidate.

Replace containers for dynamic leakage coliection.

Turn on heaters to oil heat exchanger and to insulated box.

Begin cycling.
temperature at 250 to 275°F.

As air and oil heat up, stabilize oil
Stabilize air temperature in box at 170 to

Each day the cycling is to be performed in the following

PERCENT STROKE

1
2
10
50
100

NUMBER OF CYCLES RATE
11 Hz
10097 4
728 1
126 51 0.05
29 0.10
102955 10223 789 29

If this sequence is completed prior to the end of the work day it will be
started again.




b
2
b
!
E
i

AU 0) LA D R st s AR S g | LS e, AR 4 A

f. At the conclusion of the work day, set aside the dynamic
leakage containers. Install clean, dry containers for overnight static
leakage collection. Apply a 3 foot head of 0il to the retract line of the
test cylinders.

9.5.3 Low Temperature Test. Once a week, in the morning, perform a low
temperature leakage test as follows:

a. Check and record the static leakage from each candidate.

b. Install clean, dry containers for low temperature static
Teakage.

c. Apply 5 +1 psi to the extend and retract lines.

d. Reduce o0il1 temperature to -65 +0/-5 degrees F and stabilize
for 15 minutes.

e. Maintain test ¢ylinders at -65 degrees F. for 1 hour, then
cycle *l-inch for 5 cycles.

f. Remove leakage containers and record leakage.
g. Continue at step 9.5.2.b.

9.5.4 Length of Test. The procedure of paragraphs 9.5.2 and 9.5.3 will
be repeated un .2 x 106 cycles have been completed.

9.5.5 Failure of a Candidate. If a candidate fails during the first
half of the Long Life Test, the nature of the failure will be determined.
If the failure is due to installation method, abnormal wear of the rod, or
is clearly not the fault of the seal, a new similar candidate will be
installed with a new rod as required and restarted in the test. It the
failure is within the operating charactersitics of the seal, a new
candidate will be considered for inclusion in the test program. Verbal
concurrence with the project engineer at the Aero Propulsion Laboratory
will be made on any new candidates to be considred for installation. If
the failure occurs during the last half of the Long Life Tests, the option
of disconnecting the failed cylinder from the test will be considered
based upon the amount of rod wear experienced, availability of spare rods,
and how far into the last half of testing the failure occurred.

9.6 Additional Screening Tests

9.6.1 Test Setup. The test set up will be the same as used for the
scraper screening tests. Chew testers will be used which are extended and

retracted by a servo-actuator.

9.6.2 Test Spectrum. The test spectrum derived for this program will
be used except that the 1, 2, and 10 percent strokes will be superimposed
upon the 50 percent (jj-inchs stroke.
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9.6.4

leakage,
tests.

9.6.5

Dally Procedure

a. Replace static leakage containers 10 places with dynamic

leakage containers.

b. Measure and record static leakage for each assembly.

(Assemblies No. 1 and No. 8 have “lug" end and "rod" end leakage).

C. MApply 2 drops/running hour MIL-K-5606 at contamination
tube (6 hours/day = 12 drops).

d. Turn on heat.
e. Turn on cannister drive (17-23 RPM).
f. Start cycling with constant 3000 psig on test assemblies.
g. Stabilize temperatures as follows:
Inlet of1 265 - 275°F
Box ambient 170 - 190°F

he Conduct cycling in blocks as follows:

PERCENT STROKE NUMBER OF CYCLES RATZ
1 104940 11 Hz
2 10320 4
10 780 1
50 477 129 39 0.04
100 30 0.10

05417 10339 B9

Cycles = 116715/Block
At the End of Each Working Day:

o
|

a. Apply 5000 cycles O - 4500 psig impulse pressure.

b. Remove dynamic leakage containers - do not measure dynamic
Just accumulate in same container for each assembly until end of
c. Reinstall static clean leakage container 10 places.

Every Other Day - Morning:

a. VYacuum test dust out of containers.

b. Flush cavity between scraper and rod seal with 150 ml of

filtered PD680.
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C.
d.

e.

Collect PD680 in new clean bottle (6 oz size).
Identify each bottle with date and assembly number.

Place 9%c of AC coarse test dust in each container.

Go to paragraph 9.6.3.
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' CONCLUSIONS

10.1 Fly-By-Wire Contrel System Study

The study verified that fly-by-wire control systems result in
very hig: numbers of small amplitude cycles imposed on flight control
actuators.

The derived endurance spectrum for a 4000 hour aircraft is as
follows:

FBW
.o .ent Stroke 12331 Cycles
1.0 3.62 x 107
2.0 3.50 x 106
0.0 2.50 x 105
50.0 4,00 x 104
100.0 1.00 x 10"
40.00 x 106

In the flight tist data reviewed, the small amplitude cycles were
dispiacements from a larger amplitude cycle.

10.2 Backup Rings

The most significant single factor for O-ring protection by a
backup ring is to have a triangular or trapezoidal shape. This factor was
evaluzte. in materials as soft as unfilled TFE to as hard as acetal resin
and polyimide. The trapezoid shaped Shamban "Delta" backup was evaluated
in 7 samples, four materials (Candidates B3, B23, B30, B35). No 0-:ing
damage occurred in 6 of 7 samples. A heavy duty trapezoid shape was
evaluated in 3 sanples, 3 materials (Candidates "7, B28, B29). O-ring
condition was good for two samples. The sample 1n Vespel SP-21 failed due
tc nihbling and extrusion after completing 1.5 million cycles of the
endurarce spectrum. The triangular shape was evaluated in 2 samples of
unfilled TFE in (Candidate B8). Both samples gave excel ent 0-ring
protection.

Nn single rectargular shape protected the O-ring consistently.
In 26 installations of MS23775-214 backups (Candidate Bl), seven allowec
the C-ring to deter.orate to a fair or poor condition; 8 failed
catastrophically. MS27575-214 (Candidate BY) was tested in two samples,
0-ring condition was excellent with one, fair with the other.

The second most signi”ir-p: factor i: material. Extremely hard,
low cold flow materials did n+t privide any betier protection than

unfi1led TFE when tested in 2 ..~ “angular shape {Candidate B15, 325, B26,
B31, B33). Materiais which were in the low to moderat: hardness, moderate
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cold flow gave better protection (Landidate Bl, B2, B9, B24). Any
specification for backun ring materials should require determmination of
Rockwell hardness con: :tently using the "R" scale and cold flow or
deformation for 1000 hours at 3000 psi compressive stress and 212°F or
higher. Based on the 1i+' s¢ data available, a kockwel)l hardness of R80
{0 R0 1s desirable with  ° -nztion of less than 48 percent.

B

B g e

: The third most si¢nificant improvement is to stage backups of

4 similar or same material. Candidate 822, a two stage backup of

y rectangular shaped Revonoc 18158 material, gave excellent O-ring
protection in two samples, fair in ancther. 1In twe cases (Candidate B19
and B6) where a very hard material backup was outboard and a softer
material backup was inboard, the O-ring was not protected. Double
thickness or square backups (Candidates BS5, Bl7) did not provide O-ring

protection.

An initial interference fii with the rod equal to the thermal
expansion from 70°F to maximum operating temperature is desirable, but
wiil not guarantee O-ring protection. Backup wear or yielding of the
material due to the amount of interference fit wiil eliminate the benefit
of the interference fit.

TN ST e e

0-ring condition alone does not determine leakage perfomance.
As shown in Table 8. there were a number of samples (B20, B22, B3, B35,
623) where the O-ring was in exceilent condition upon completion of test
but some (extremely Tnw) leakage did occur. The same table shows other
candidates which allowed nibbling and extrusion of the O-ring to the
"fair" or "puor” condition which had zero leakage recorded (Candidates

o 825, B16, 519).

Impulse testing should be a part of any backup ring or seal -
tests. The nine M528774-214 backup installations in the initial scraper
screening tests all survived the test with O-rirg condition deteriorating
' only to the good or fair categories. In fourteen MS28774-214
] installations in the additional scraper screening tests, there were eight
*‘ catastrophic failures caused by nibbling and extrusion of the O-ring and
: backups. The initial scraper screening tests did not have impulse
pressure appifed to the rod seals. The additional scraper screening tests
arnlied 3000 cycles of O to 4500 psig after each block uf enduraice

cyeling.
MoS2 s eifective in reducing abrasion of TFE fillers (B3, B35).
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10.3 Scrapers

Scrapers are available which will exclude sand and dust better
than MS28776M series scrapers without excessive rod wear.

The two most identifiable factors for scraper failure or reduced
nerformance were curling of the cleaning edge away from the rod and
diametral clearance due to thermal expansion. Candidates S1 and S15
definitely deformed during the test so that the cleaning edge curled away

O T YT PR A T W5 BT .= Ao, vy

frm the rod allowing contaminant to Le drawn into the cavity between the $
scraper and the rod seal. A thermal erpansion analysis of all candidates 1
shows that S1, S2 and S9 had probab’e diametral clearance with the rod 2t
i 170°F which would allow contaminant to be drawn into the cavity between »@
the scraper and the rod seal. ¥
P ¥
E Significant design characteristics of a good scraper are: g
i L
¥ . Stable configuration which does not warp, deflect, or twist 3
P at operating temperature. !
g‘ . Positive seal on outer circumference of scraper. j
é - Interference fit on rod at operating temperature. :
b Scrapers which passed less contaminant than the MS2877+M9 i
baseline were: ;
Candidate Part Number Manufacture» '3
; g
: S16 3534-00958-0122-0235 Greene, Tweed . ‘-g
s19 CEC5901-998-55 C. E. Conover o
S7 120-218-1709 Dowty , Ltd. ' j
4 S2 $32925-9P-19 W. S. Shamban '
1 s17 TF1027-7214A Tetrafluor, Inc. 4
;-;, 56 $~34-20 Herz ules i

3
j Polyurethane and acetal plastic scrapers were not visualiy
affected by 170° F anbient air, 250° F o1l ervironment.

The bronze scrapers were more abrasive than any of the plastic
C rapers.

10.4 Single Stage Rod Seals
The plastic seals had 70 times the leakage of the elastomer seals.

Conclusions on rod wear caused by the seal materials are shown
under conclusfons on seal materials (Section 6.1).

With the exception of candidate RS27 which failed, a1l elastomer
seals iad satisfactory leakage and wear performance.

'
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10.5 Two Stage Rod Seals

Semi-vented and unvented installations had less leakage than
vented instaliations.

Increase of O-ring cross section did not show longer 1ife of
cap strip than smaller cross section.

Conventional cap strips are more likely to wear thru than a

E : design which spreads the radial loading over more of the
plastic seal such as the Shamban "Plus" seal or Greene-Tweed

; “Enercap". Also, the thickness of the plastic seal is
; usually greater on a Plus or Enercap type seal than a
conventional cap strip.

A
‘g
A
V\‘
I,
)
f'e
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4
b
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Differences in thickness of conventional cap strips between
suppliers will make some more likely to wear thru than others.

No problems were experienced with the unvented
installations. The outboard seals did not appear to wear
more rapidly due to lack of lubrication. Wear, when
cbserved, was usually seen on inboard seals.

i it e g o S i TCTIROOREE P
[

Wear of the rod by the nylon backups on the "T" seal appears
to increase with pressure.

F . Two stage seals which p¢ Formed with acceptable seal and rod
. wear and no leakage were:
3

1 TRS21-SY - Redundant "Plus" seals with backups;
1 material was proprietary MoS2 filled TFE; semi-verted
installation.

TRS4-SV - Redundant “trapezoid" seals; backup material
was Revonoc 18158; semi-vented installation.

TRS6-UY - Redundant O-rings with Revonoc 18158 backups;
redundant backups on outboard seal; unvented
installa%ion.

TRS20-UV - Redundant “Hat" seals; material was MoS)
filled TFE; unvented installation.

10.6 Rod Bushing Material

When side loading is high, an aluminum bronze rod bushing will
not prevent rod wear. However, the wear is reduced, and the resuiting rod
surface condition 1s better than when 17-4 PH material 1s used.

;
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10.7 Long Life Test

Two stage rod seals significantly reduce leakage. Nonc of the
two stage rod seals leaked enough to measure during the entire test. All
single stage rod seals but one {Candidate B35 with PNF O-ring) had total

leakage varving from 2.45 to 217.2 ml.

From Table 13, comparing single stage rod seals only, it is
significant to note that Candidate 835 and RS7 which have a form of backup

loading into the rod, leaked much less than the Candidates Bl and B22
which did not have this feature.

No problems were encountered with unvented two stage rod seals.

There 1s no improvement in wear of rod with aluminum bronze end
cap corpared to 17-4 PH end cap.

MoS2 added to backup material improves rod surface conditinn
and reduces abnormal wear when backup material {s abrasive.
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11. RECOMMENDATIONS

11.1 Backup Rings

11.1.1 Relationships of Backup Performance to Backup Material
Properties - For rectangular cross section, non cut backups it is
suggested that there are trade offs between hardness and creep and shear
strength and abrasiveness. Also, the coefficient of thermal expansion of
the backup material can create clearances which completely cancel any
beneficial effects of initial interference fit. There is a need for a
program to systematically determine the ranges of values for backup
materials which can be tolerated for maximum performance of the backup.
Here, maximum performance is defined as complete protection of the 0-ring
with acceptable 1imits on backup wear and rud condition. The effect of
thermal expansion could be treated by trial designs of backups with
interference fit on the Ou with the Q-ring groove. Major problems te
overcome would be possible accelerated wear of the backup on the ID and
buckling of the backup at maximur operating tewperature.

11.1.2  Statistical Detemination of Backup Performance - A severe
shortcoming in backup research in the last ten years has been the
necessity of having to predict backup performance on the basfs of one or
two samples. In any system there are variations in results which are
caused tolerances in material properties, vhysical shapes, and an
imperfect knowledge of all parameters affecting performance. There is a
need for a program which subjects a reasonable statistical sample of each
backup design to a controlled test to establish the mean and variante that
may be expected of a backup ring for O-ring protectior in excellent, good,
fair, or poor categories. Tests nn backup rings in the Dynamic Seals
program suggest that even the best performing backups may have a

redictable statistical variation in performance. This infcrmation, if

nownr, would aid in reliability and maintainability analysis and
predictions for hydraulic systems, and more importantly, serve as the
basis for selection of backup rings. Standards such as unfilled TFE
MS28774 and MS27595 should be used as baselines. The best perfcrming
candidates from the Dynamic Seals for Advanced Hydraulic Systems program
and any othevs of merit should be included in the program. The use of
automated test system which does not require the constant presence of a
technician could keep program costs reasonable.

11.2 Scrapers

11.2.1 Establishment of a New Scraper Standard Design - In this program
there were five scraper designs which transmitted less contaminant than
the MS28776M baseline. Unfortunately, the five designs are not
1ntarchangeab1e in the same groove. The ability to change scraper designs
without affecting grocove requirements 1s important. Increased competition
among suppliers for an application is desirable. Therefore, there is a
need for a program which establishes a scraper groove to be promoted as a
new standard and also performs tests on scrapers submitted by the seal
industry which will allow modification of new designs and verification of
effectiveness against solid and iiquid contaminant.
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11.3 Piston Seals

11.3.1 Dynamic Piston Seals for Advanced Hydraulic Systems - Just as
with rod seals, there is controversy over what shape constitutes a long
1ife piston seal. This effort would take the lessons learned in the
Dynamic Seals program and apply them to piston seals. Wear of the
cylinder barrel and tolerance of the seal to cylinder breathing would be
two factors to evaluate. It would be interesting to see if backups such
as the Shamban "Delta" design and the Fling trapezoid design perform as
well when loading is radially outward instead of radially inward. Piston
seal testing has been minimal at pressures above 3,000 psi. The Navy
Lightweight Hydraulic Program concentrated on rod seal evaluation.

11.4 Rod Bushings

11.4.1 Rod Bushings for Long Life Actua.cr Designs - The Dynamic Seals
grogram evaluated CRES steel and aluminum bronze as rod bushings.

verall, there was not much difference in rod wear other than the aluminum
bronze did not promote rod damage by galling of the aluminum bronze as the
CRES material did. The potential of finding a satisfactory metal or
plastic is good providing the design techniques for successful use are
developed along with the material. For example, there are many plastics
which are promoted as bearing materials such as polyurethanes, nylon,
Delrin and Vespel which may be good bushing materials but have
coefficients of thermal expansion which create high diametral clearance.
One way to promote use of such materials if they in fact reduce rod wear,
is to explore interference fits of the plastic bushing in a metal end cap
which would 1imit expansion of the plastic. Another way is to evaluate a
wave spring loaded annular wedge which energizes the bushing radially
inward to compensate for radial expansion with temperature. A "finger"
design of bushing may be effective with very stiff materials such as
Vespel SP21.

i1.5 Gland Design

11.5.1 There are severa! important design details of MIL-G-5514 glands
which greatly effect O-ring and backup 1ife.

One detail which has been debated is the minimum squeeze required
for O-ring installations. MIL-G-5514 squeeze values are lower than the
percertages shown on Table I of MIL-G-5514 because factors such as O-ring
stretch, eccentric installation of piston or rod, and eccentricity of
groove to bore or piston UD are ignored. There is an upper 1imit on
squeeze at which O-ring rolling and scrubbing begin. There 1s the
possibility of a relationship of O-ring ID to stroke wihich is also a
factor in O-ring rolling. The probability of spiral failure of O-rings is
increased 1n long stroke applications, but the definition of "long stroke"
is elusive. There appear to be no firm guidelines for fluid system
designers. The Seals Panel of SAE A-6C Committee has held numerous
discussfons on a proposed revision to MIL-G-5514 which would ensure at
least 5 percent squeeze under the most adverse tolerances. Most seem to
favor such a revision, yet there is some apprehension over making the
change without a test program. It is expected that the benefits of a 5
percent minimum squeeze design as compared to a design allowing a lesser
squeeze would show up in low temperature tests.
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Other details which often are overlooked, but effect performance
are groove edge radius and slope of groove sides., MIL-G-5514 currently
allows up to .010 radius or break on groove edges and up to 5° slope on
sides. The large radius acts 1ike increased diametral clearance to
O-rings and backups. Several companies have adopted in-house design
standards which require a much smaller groove corner radius or break.
there is currently no data available which would serve to convince the
industry of the need for sharp groove corners. The high angle acts as a
cam to feed backups into the rod when the seal is pressurized. This
action is directly proportional to pressure,

Yet

There is a need for a program to review, and establish guidelines
and design criteria which are fimly established by proper analysis and

veri ficatior in realistic testing. This program would result in
modifications to MIL-G-5514 which should significantly improve design

practice.
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APPENDIX A
COMPILATION OF USER INDUSTRY
SURVEY

Do you specify the rod seal to be used in an actuator or is the seal
choice the recommendation of the actuator supplier.

We specify. « « « « ¢« ¢ v ¢ ¢ v o o« « 8
Supplier recommends « « + « + o+ o & + 3
. L ] . . L] 3

Both e & 4 ¢ 5 e ¢ ¢t s v &

What rod seal groove design do you use on current production.

MIL-G~5514, . . + v ¢ ¢« ¢ v o o & o« o 11 } Some manufacturers
MOdifiEd MIL“G"5514 . T ) . . e & & 9 5
2

Other . L] + . * L] - [ ] . * . L[] L] [ ] . L]
If modified MIL-G~5514, what modifications are considered important.

use both

“On light aircraft (Mod 206) the major diameter of the seal
groove was increased to avoid increased squeeze of O-ring

because of TFE cap strip thickness.

is manual reversicn.
cap strip thickness increases pilot effort of control which is

objectionable."
b) "The Roeing-developed foot seal is used in the groove shown."

- Std 2 backup ring width per
' MIL-G-5514. Diameters per

2)

o s

¥ et iy

~ MIL-G-5514. Two-Piece
60 construction to allow for
y L_______ installation of ths foot seal.
Flight control dual vented seals may be modified to meet
installation of Shamban S12604 Double Deita Seal.

d) Corner radii in groove, squeeze.

"Modify groove depth and width to increase seal/grnove
occupancy to reduce seal displacement and associated wear

under fully alternating pressure.
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As noted above, the Mo 206
Increasing 0-ring squeeze by the amount of
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If "other" seal groove used, please identify.

a) A similar (see 3b) one piece intecral groove was selected
for O-ring seals with a triangular cross section backup ring
for the X20A (Dyna-Soar).

_ . . . -rontl
o S o . e B A 2R s 2 Yy Lex ik A
S o 8ol SR 1 b R R S i At ks e B

; b) None
L
§ ~ c) Configured for flanged U-Seal, spring loaded type, graphite
& filled TFE.
? d) Special groove for Omni or Cran Lip seals. p
§ 5. Do you use any rod gland hearings such as aluminum-bronze to §
: reduce bushing wear. , E
3 &
4 aluminum bronze. « o ¢« v v v v e v v e e e e a7 i
,’ none L] L] [ ] * L] [ ] L[] * L[] * L] L] * L] * L ] L] . * L] . L] - 1 :
E Other _
i’ i. Fabmid -8 [ ] L] L L L] L] L] L[] L ] L] . [ L] * L] L ] » . 2 ‘ -l}e
S i1. Dacron impregnated teflon on aluminum . . . . 1 .g
3 1115 A]um"mlm. e 6 & 8 & & + 8 8 & & & 3 6 8 o o 1 »
iv. Torrington needle bearings (rotary actuator). 1 3
. Filled TFE for "push-pull” type « « « o « « . 1 b
¥ Vo Berylldum Copper.: « « « o o v o o o o o o o o 2 Vﬁ
f (however one comment was that BeCu is no o
y longer used) 4
E: V1- Mum1nl.lm-‘\.1n. S 4 o 2 & & o 0 W e 4 & & s & @ 1 i
i
] ' &
g 4
! |
fs

1
1l
L
i
Loy
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6. Which of the scrapers below have you used.

SERVICE EXPERIENCE *

No Experience E G F
MS28776 Scraper 2 1/2 5-1/2 3
Shamban "“Excluder" 7 2
C. E. Conover Scraper Ring 8 1 2 1
MS 28903 Scraper &
Other
i+ Equiflex
i1. Similar to MS 28776
of PTFE Material 1
{ii{. Teflon 1
jv. Master Pneumatic
529000~-A 1
v. Shamban $11565 1 1
vi. "In distant past ..
preferred felt wipers
or boots.
Scrapers tended to
"score rods."
vif. "BV design - similar to

“Excluder"
(predates Excluder) 1

* Respunses which indicate a range of iwo chofces were scored as 1/2
for each choice.

7. (a)

(b)

(c)

Have you run any tests to compare scrapers.

Yes- e o 8 o & & 4
No L] L] - L ] » L] . L] 9

If so, which scraper was judged best.

i.  "No advantage noted for either excluder forms - the
other types we found totally unacceptable".

{1. “PTFE was used rather than metal to avoid rod wear due
to dither cycling".

111. "C. E. Conover - A1l other candidates failed"
ifv. "Conover, BY Design Type"

v. Conover

Did these tests include a sand and dust environment.

Yes. * & & 8 & 8 v 0 3
m L] L] L ] L ] [ ] L[ ] [ ] [ ] [ ] 1
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8. (a) Have you had any recent experience with filled backup rings.
SERVICE EXPERIENGCE
NONE 3 G F P

Glass Filled 7 1 1 1
MoSs 8 2
Graphite Filled 9 1 1
Bronze Filled 10
Other

i Carbon 1

ii Virgin TFE 1

ii1  Parker Parbak 1

iv Turcon 1

Comment on major problem using filled backup rings:

i "Extrusion on static seals ~ wear out on dynamic"

L] None n

ji
iii "Quality control"
iv  "Our TFE seals are graphite filled. Glass filled were found to

score sealing surface and had high friction.
v Not enough service experience to date on filled rings"

vi "Non evident to date",

(b) What elastomer seal/backup ring/TFE seal/scraper weakness do
you see most often,

i)

1)
1i1)

SHADAL AL e 1 Lt aean B e Y e et R A RnLLLn e

"Seal/Scraper - External foreign objects tend to
imbed into scraper material resulting in scraper
ring damage and increased rod end seal vulnerability
to foreign object damage. Seal/Backup Ring - spiral
failure on loi.; stroke actuators (changed to "T"
rings)."

"Extrusion"

"Installation problems with Double Delta, Plus, or
any of the other forms of TFE capped 0-rings in
conjunction with closed glands per MIL-G-5514.
Short life of seals in service, due to character of
the helicopter fligat loading, environment of
operation and incupability of scrapers or excluders
to cope with it",
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iv) “The main problem with footseals and cap rings is
that metal particles, mainly from within the PCU but
also from the outside become imhedded in the teflon
sealing surface where they act to score the chrome
plated piston rods. This results in corrosion of the
base metal and the relatively high nuisance leakage
rates. There had been some thought that single stage
seals were less prone to this problem, but service
records indicate it occurs equally on both single
stage and two stage seal units."

: v) “Seal - potential for rolling/spiral failure. Backup
{ ring - failure of MIL-STD to fit without trimming.

; TFE seal-potential for leakage. Scraper - No

h weakness noted in our application.”

B R

vi) "0-ring extrusion. Cap seal leakage."
vii)  "Seal leakage due to quality problems."

i viii) “Failure to exclude dirt from sealing elements."

ix) The only elastomer that we consider adequate for -65
"~ to +275 degrees F in hydraulic systems is
fluorcsilicone. Unsatisfactory for dynamic seal but
0K for static. Nitrile permanent set is excessive at
high temp. causing subsequent leakage at low
temperature. On cap strip seals fluorosilicone
require more squeeze for adequate loading of teflon.'

TR i

X) "Seal creep on seals. Scrapers pick up abrasive ,
materials and score rod, which leads to rod seal
failure. Installatfon problems on small size Omni
type seals w/o special gland design. TFE seals tend
to seep at low pressure (cap type seals). Split
backup rings don't always fit properly.”

T TR T T TR e
il T illn AR B e Tyt N R, e Wy - =7 ey
£ -ty ..

x{) “Life limitations of TFE/O-ring seals due to
helicopter alternating load - high cycle environment."

; xi1)  "Spiral failure - large sizes, installation damage."

| 9. On the following matrix indicate your service experience with
] each element 1isted.
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3. What scrapers have you used

4.

5.

6-

7.

PERFORMANCE *

E G F P

M528776 Scraper.......metﬂ. e o o ¢ 0 1/2 1/2 - 1
non-metal. . . . 1/2 1-1/2 - -

W. S. Shamban "Excluder" . . . . . . . - - - -
MSZSQ(BSCT&DQ?‘.-.......... - - - -
. - -~ 1 -

Otlier: Shamban S11065 . . . . . .

What elastomer seal/backup ring/TFE seal/scraper weakness do you see most
often in rod seal applications

(a)
(b)

(c)

No significant problems.
Rolling of the elastomeric seal (including T-seal). Wear of TFE seal
(in many applications we use "Turcon” type seals to help in the wear

area.
Steel particles imbedded in teflon causes scratches on piston. Pcor

fit of backup ring and scraper (excessive end gap). Poor wear
resistance.

How much difficulty do you have with actuator rejections due to rod seal
Teakage just after start-up on cold mornings

Negligible 2, Moderate 1, Much O

Comment:

(a) Mechanics frequently apply heat to actuators in local area of

seals to stop leaks.
(b) "L1011 components with Tee-rings give most problem. We believe
this is due to inadequate squeeze in design of assembly".

When rod seal leakage reaches a level to be declared a failure, do you
find that it is generally a wear out situation (W) or a failure at a point

far short of expected life (F)

Indicate nature of failures noted at overhaul after rejection.

u.‘.l...l.!.... 2

F.‘!.l.‘......‘. 1

{check as

many as applicable}.

MergLaddattus

Leakage..ltil.UO'.'l..lld.ll.lol..l.ll
Elastomer extrusion/wear.icesscecoscees
Pemanent Set Of 0"r1ms..-......-...o
ROd mar.....i'..l.llll..l‘.')li.......
Gland bOre Wedrsesescosevssscsanassnss

Sea] m]]im..».l.....‘OO..'..!I.ll..l
Otheroooocon O'rim n“bb]e.-...-..;....

- O N W

Responses which indicate a range of two choices was scored as 1/2 for
each choice.
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Bt
.
§ 8. Do you impose specific requirements on aircyaft manufacturer(s) with
regard to the following:
f}: O'rim cmpound'..'.lv.l..l..ll..li't.OIIQCDQOOOC. 11 1 14
?; 0_r1m squeezel'.l.l..l..ll....!....b.l..0..“.&... 2 i
ﬁ BaCKup rims‘..0.0....!..0..0'..0..l....l..l.‘... 22 ‘4{
;!.% TFE Sea]s.....l...'..l...l..l.l...l‘...l.ll..‘l.t. 2 g
:,‘;; &rapers.'.'l.........l....l.ll....l‘..l.l‘.‘...‘. 2 “'j
:\} ROd Materia]/coating...0.!...0.......'..O..Il‘.... 2 g
] Housing material/coatingeeeccecccccscccecsroncases 2 9
,» Two stage vented rod sealsecieeecevecsersocancnnes 2 j
L Comments: Commercial aircraft specifications rarely go to this detail , ‘1
i level. 5
F‘ 9. Do you do any testing on your own to determine sateifactory j
f’ improvements/performance for: 1
4 i
¢ Y N A
$ ROd sea]s.....l.l.....Ill..'l...l...i..lll‘.'.0.‘0.. 23 14 ‘g
F &rapers.!.".....ﬂ....lll..........ll..ll.l..'OCQ.. 24 "
E* BaCkup rims.....ll..‘l.I..l.."lll.ll.‘l...l0...'. 24 "}
3 ROd Surface Coatimv........'I..l.l...0'...0.00..0.. 24 é
,’ Elastomer compound for 0=ringS.eeessesccsscsssesacsss 13 24 '
C
E 1
\ 1. Require use of EPR matarial in Skydrol systems. "y
, 2. Prefer use of continuous (non-cut) backups where possible. oy
. 3. Service evaluation. i
‘ A. Generally no - hnwever in problem areas we do not change seal A
4 configuratiors, material, etc. to resolve problem. 1
it
.
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APPENDIX B

PRELIMINARY
SPECIFICATION ON DESIGN PRACTICE FOR ROD SEALS
USED IN FLY-BY-WIRE
FLIGHT CONTROL ACTUATORS

Contract F33615-78-0-2027
Prodgct 3145

Prepared for:
Air Force
Wright Aeronautical Laboratories
Wright Patterson Air Force Base, Ohio
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1.0 SCOPE

This document addresses design practice for rod seals intended
for use in Fly-By-Wire (FBW) Flight Control System actuators on Class 3000
psi, Type II (-65 to +275°F) hydrauvlic systems in accordance with
MIL-H-5440 using MIL-H-5606 hydraulic Tluid.

2.0 APPLICABLE DOCUMENTS

The following documents form a part of this document to the
extent specified herein.

2.1 SPECIFICATIONS

Military

MIL-H-5440 Hydraulic Systems, Aircraft, Types I
and II, Design and Installation
Requirements for.

MIL-H-5606 Hydraulic Fluid, Petroleum Base;
Aircraft, Missile and Ordnance.

MIL-G-5514 Gland Designs; Packings, Hydraulic,

General Requirements for

3.0 REQUIREMENTS
3.1 GENERAL

The design practices and sealing devices described herein have
shown in tests to provide low leakage and acceptable rod wear for at least
14 months equivalent service in a Fly-By-Wire F1ight Control Actuator.
Some sealing devices or practices are identified which will provide
acceptable performance up to 60 months service if oi1 temperatures are

controlled to maximize elastomer 1ife.
3.2 SEAL MATERIAL

Elastomers - Use of elastomers meeting MIL-P-83461 s
rec ommendad.

Plastics - The materials below are listed in relative order of
increasing abrasiveness on hard chrome plate. Materials at the top of the
1ist are non-abrasive but wear at a higher rate than those lower in the

1ist.
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Unfilled TFE

Polyimide with inorganic filler (Revonoc 18158)
TFE blend (Revonoc 6200)

Acetal Resin (Delrin, Celcon)

TFE with polymeric filler (Tetralon 720)

TFE with proprietary filler (Shamban Compound 20)

Turcon with MoS2 filler (Shamban Compound 99) ,
Turcon with proprietary/MoS% filler (Shamban Compound 19)
Turcon with proprietary filler (Shamban Compound 18)

Ny lon
Polyimide SP-1, SP-21

Avoid the use of bronze filled TFE.

3.3 GLAND DESIGN
3.3.1 Design Practice to Increase Seal Life

Adjust dimensions and tolerances of specification MIL-G-5514
glands so that O-ring squeeze is not less than 5 percent when all adverse
conditions are considered. Calculation of squeeze must consider reduction
in 0-ring cross section due to stretch, eccentricity of rod or piston in
vore, anc eccentricity of groove with respect to land.

The gland depth should not be less than the maximum cross section
of the backup ring at 70°F.

Reduction of diametral clearance from the maximum allowed in
MIL-G-5514 will aid in control of squeeze and will increase seal life.

Reduce groove edge radius to .002 +.005/-.000. The smaller
radius will reduce backup ring extrusion.

Consider roll resistant seal configurations in place of O-ring in
MIL-G-5514 glands when the ratio of actuator stroke to O-ring ID is high.
Various sources indicate spiral failure of O-rings when stroke exceeded 12

inches.
3.3.2 Design Practice Which Reduces Seal Life are:

o Use of a static O-ring size in a dynamic application.
9 Reduction of squeeze to reduce friction.
o Use of no backup width grooves for "T" seals with resultant

thin backups.
0 Use of diametral clearances in excess of those allowed by

MIL-G-5514,
3.4 ENDURANCE SPECTRUM

The endurance spectrum below is the minimum for seal
qualification. The spectrum should be modified by additional cycles in
the appropriate percentage strokes and external loading conditions if
structural endurance requirements a2xceed those 1isted below. For each one
thousand hours of aircraft 1ife the spectrum below should be imposed.
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Percent of Total

Stroke Cycles
1.0 9.05 x 106
2.0 8.75 x 105
10.0 6.25 x 104
50.0 1.00 x 104
100.0 2.50 x 103
10.00 x 106

3.5 LEAKAGE

Leakage requirements may be set according to type of rod seal.
Typical values for seals instalied in -21% gland are as follows:

Typical Nominal Leakage
in 1 x 107 tycles of

Seal Type Endurance Spectrum - ml
Single Stage Plastic 48
Single Stage Rubber 6
Two Stage Unvented
(Regardless of seal material) 0.5

The above typical leakage values will increase if rod size
increases or if number of 50 or 100 percent stroie cycles increase. For
minimum leakage and iongest 1ife, two stage rod seals should he specified.

3.6 SINGLE STAGE SEALS
3.6.1 N-Ring and Backup.
Backup design characteristics which improve performance are:

Shape - Backups which form an included angle of approximately
60° with the rod on the face toward the backup reduce the
probability of O-ring extrusion.

Staging - When extrusion protection is not required on both
sides of the O-ring, placing twe rectangular backups on the
atmospheric side of the O-ring will reduce the probability of
0-ring extrusion.

Material Properties - Extremely hard (Rockwell R118, E51)
materials should be avoided. Unfilled TFE with a hardness of
Rockwell R58 or proprietary materials with a similar Jow
hardness cold flow offer good short term protection but can
exhibit high wear over long tem service. Materials with
hardness between these two extremes should be selected.
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Configuration - Backups should be non-cut and have light
initial interference with the rod. This will maintain the
backup contact with the rod to reduce probability of 0-ring
extrusion until the materia) has enough cold flow to maintain
rod contact.

3.6.2 Plastic Cap Seals.

Conventional rip seals must have adeguate thickness to
prevent wear-through under the O-ring. Cap seals which
distribute the radial force from a special elastomer shape
over a greater arec resist wearing through.

Use of a no baciup width cap seal in conjunction with two
rectangular backups extends the 1ifr of the cap seal. If
pressure occurs only in one direction, place both backups on
the atmospheric side of the cap seal.

3.7 TWO STAGE SEALS
Types of two stage seal installations are:

Unvented - The cavity between :2als is not vented to atmosphere
or return.

Semi-Vented ~ The cavity betwean seals is vented to the cylinder
retract rort thru a check valve.

Vented - The cavity between seals is vented 'c system return
pressure.

A1l three types of installation are acceptable, however the
unvented installation is recommended because it occupies the least space,
potentially will leak less, and is lower cost to manufacture than the
other two instailations.

When designing an actuator with two stage unvented seals, the
inboard seal should have protection against extrusion in both directions.
Also, the friction of both seals when pressurized to system pressure

should be included in opposing loads to cylinder motion in both directions.

For all three types of installation it is desirable to have a
small yroove whose volume is not less than one quarter that of the seal
gland between the inboard and outboard seal grooves to trap the normal
seal wear particies given off.

Examnles of two stage rod seals which have given excellent
performance in 1-fnch diameter rod seal tests are shown on Figure 1.
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3.8 SCRAPERS OR EXCLUSION DEVICES

Materials - The material should have a high benui.y .dulus.
Acetal resin plastic and some filled TFE compounds are acceptable.

Configuration - The scraper should be supported on the rod on
both the inboard and the outboard side to resist deformation. Some
materials such as acetal resin with adequate cross cection are stiff
enough without support at both edges. Loading of the scraper into the rod
fs desirable by use of an elastomer or by use of a high modulus material
with an interference fit on the rod at maximum operating temperature. The
elastomer also may act as a dust seal for the outer diameter of the

¢ raper.
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‘!\\v— CECLYBI-214 2 Required

$30865-214P~19 2 Required C. E. Conover Company
W. S. Shamban Company

533157-214-19 4 Requlred
W. §. Shamban Company

‘\\\“- §33050-214P-99 2 Requlred

W. $: Shamban Company

CEC6001-214-70 2 Required
C. £. Conover Company

( - J"
\—— CECS5056-214 2 Required

¢. E. Conover Company

FIGURE 1

Examples of High Performanca Two Stage Rod Seals
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APPENDIX C

COMPARISON OF BACKUP RING SCREENING TEST
RESULTS WITH SELECTED PROGRAMS

Much data on backup ring performance has been generated by recent
programs. Where possible, a comparison by materiai and shape was made.
Test conditions “ary from program to program, but since each effort was to
test ' the backup to its extremes, a good performer for one program may
indicate a potential candidate for a future program. There was fair
concurrence among programs which had rod cycling as part of the test.
Concurrence was poor if the program had impulse testing only.

Table 1 presents the conparison of backup results for several
selected programs and is by no «eans exhaustive. References cited in
Table 1 are as follows:

1. "Long Life Elastomeric Hydraulic Seals", Air Force Materials
ll.gl;gratory, AFML-TR-73-90, Part I, Parker Hannifin Corp.,

2. “Long Life Elastomeric Afrcraft Hydraulic Seals", Air Force
Materials Laboratory, AFML-TR-77-194, Parker Hannifin Corp.,
1977,

3. "High Performance Hvdraulic Sealing Systems", Air Force
Ta;griﬂs Laboratcry, AFML-TR-72-91, Part VI, Versar, Inc.,
972.

4. "Lightweight Hydraulic System Rod Seal Study", Naval Air
?y;tems Command, 2-51700-C/9R-52140, Vought Corporation,
979.

5. "Hydraulic System Seal Development", AVRADCOM, USAAVRADCOM
TR-81-D-17, Vought Corporation, 1981.

6. "“Endurance Tests of Hydraulic Packings in a Large-Bore
Long-Stroke Cylinder at 275°F", NA-55-1136 (Contract
AF33(600)-27787), North American Aviation, Inc., 1955.

7. “Endurance Tests of Hydraulic Packings in a Large-Bore
Long-Stroke Cylinder at Temperatures Ranging from -65°F to
300°F", NA-56-105 (Contract AF33 (600)-27787), North
American Aviation, Inc., 1956.
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