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APPLIED TECHNOLOGY LABORATORY POSITION STATEMENT

This report presents the results of a joint  A rmy/Navy program to demon-
strate the reliability and maintainability characteristics of a Hydro—
fluidic Stability Augmentation System (HYSAS ) under typical m i l i t a ry
operating conditions . The report describes the instal la t ion and
operation of the single—axis (yaw) HYSAS on Navy TH—57 helicopters and
the two—axis (roll, yaw) HYSAS on Army OH-58 helicopters , problems
encountered , and the solution of these problems. Predicted reliability
of the z~YSAS and electromechanical helicopter SCAS is co~~uted (from
measured data), presented , and coii~,ared . The program has demonstrated
the operational suitability of the HYSAS and the extremely high re-
liability and maintainability capabilities of fluidic systems.

Mr. George W. Fosdick of the Systems Support Division served as the
project engineer for this effort .
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PREFACE

This document is the final report on a joint Army /Navy  program to
establish the suitability of fluidi c systems to operate in military air-
craft while receiving standard military maintenance. The program
was administered under the direction of the Eustis Directorate, U. S,
Army Air Mobility Research and Development Laboratory, Fort
Eustis, Virginia, with Mr . George W. Fosdick as Project Engineer .
Project monitors for the Naval Air Developm ent Center, Warminster,
Pennsylvania, were Mr. Horace 13. Welk, Jr . and Mr. Edward T.
Schmidt.
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°On 1 September 1977, the Eustis Directorate. U.S. Army Air Mobility Research and
Development Laboratory was redesignated the Applied Technology Laboratory . U.S.
Army Research and Technology Laboratories (AVRADCOM).
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SECTION I
iNTRODUCTION

Ily drofluidi c stability augmentation systems (IIY SA S) have , in several
Army sponsored program s, demonstrated their capability to enhance the
flying qualities of helicopters. The objective of this program was to
establish the reliability and maintainabil i ty characteristics of fiu ld ic
systems under typical Army and Navy operational condi tions.

Design of the yaw axis system is reported tn Reference 1, while f l ight
test of this system is reported in R eference 2 . 1)evelopment of the roll
axis system is reported in R eference 3.

1. Harvey D. Ogren, Hydrofluidic Yaw SAS Anal ysis I)esign and Develop-
ment, Government and Aeronautical Products Div ,, Honeywell inc .,
USAAMRDL TR 74-7, Eustis Directorate, C. S. Arm y A ir  Mobi l ity
R&D Laboratory, Fort Eustis, Virginia, March 1974, AD7778 04 .

2. Harvey Ogren, Donald Sotanski, LeRoy Genaw, Yaw Axis Stab ility

Augmentation System Flight Test Report , Government and Aeronautical
Products Div., Honeywell Inc ., USAAM RDL -TR -74-39, Eustis
Directorate, U. S. Army Air Mobilit y R&D Laboratory, Fort 1 ustis ,
Virginia, June 1974, AD784 134.

3. Darroll Bengston, Thomas Dickovich, Robert Helfenstine, Roll-Axis
Hydrofluidic Stability Augmentation Systems Development, Government
and Aeronautical Products Div. , Honeywell Inc. , USAAMRDL-TR-75-43,
Eustis Directorate, U. S. Army Air Mobility R&D Laboratory, Fort
Eustis, Virginia, September 1975, AD016929.
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This report describes the design changes that were made to the sy stem
cited above and the problems that were encountered in fabricating and

calibrating 46 controllers. A yaw axis st db1bz ~it 1ur1 kit was designed for
the TIt -57 helicopter, and a two—axis stabilization kit was designed for the
011-58 helicopter. Field problem s encountered during installation and
1-1/2 years of operation are discussed. Most signif icant  is the data
relative to reliability and maintainabil i ty of fluidic system s.

12
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SECTION U
CONTROl. SYSTEM COMPONENTS

Components fabricated and tested for t h e  HY SAS l r at ional  Suitib ili ty

Demonstration Progr am are ‘~earl y identical to those developed and
flight tested on the previ ous :~rrny sponsor& J program s discussed

in Section 1. Thi s section describes th~ physical confi guration of
operati onal suitability h a rd w a r e, design chang~ s, fab rication
problems, and component test dat a .

YAW AXIS CONTROLLER ( ‘ONFI ( JU RA TION

Figure 1 i~ a schematic of the yaw axis  controller . Helicopter yaw
rate is measured by a vortex rate sensor (V H S) ,  ampl i f i ed  by ampli-
fiers Al  and A2 , high passed using series bellows capacitors , and
amplified again by a double amplifier, A4. A small portion of the r a t e

signal bypasses the high-pass capacitor s through r es is tors  R 2 2  and
R23. The transfer function of this rate signal is

e
0

~~ = [o. 135(~:~~+)+ O. O2~j  e _O.O6S p~jd/deg/sec (1)

A second input into this controller, the pilot input device (PID), allows the

controller to damp out external disturbances without counteracting pilot
inputs. A cable from the rudder pedal linkage moves the PID flow divider ,
whose output is lagged by capacitor C5 and amplified by amplifier A3 .
With ideal gains and shaping, the signa l at the output of A3 for a specific
pilot command will be equal to and opposite in polarity from the resulting
rate signal at the output of amplifier A2 . For a pilot command, the net
effect change at amplifier A4 should be nearly zero. Transfer function
of this pilot loop is

13
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AP OUt - 45 2 ( 1 \ (‘~.5S “

\ - 
psid (2)cable travel input - + 

~
) \~,j~~s + i) in . of cable

These transfer funct ions and schematics of them are discussed in
References 1 and 2.

Figure 2 is an assembly drawing of the controller , Table 1 is the
part s list , and Figure 3 is an exploded view of the major components.
After assembly and test, the controller is bolted to a servoactuator.
Side and top views of the completed assembly are shown in F igures 4
and 5, respectively.

ROLL A XIS CONTROLLER CONFIGURATION

Configuration of the roll axis controller is nearly identical to that
presented in Reference 3. Figure 6 is a schematic of the roll axis

controller. Output of the VRS is amplified by A l  and A2, shaped by
a two-second lag using Cl, high passed through series capacitors C2
and C3, and amplified again through double amplifier A3. The transfer
function of the roll axis controller is

~~~~~~~~~ = 0. 266 
~~~~~~~~~~~~~~~ (s~~l) 

e -0.06S psid/deg/sec ~~

Figure 7 is an assembly drawing of the roll axis controller, an d Table
2 is the parts list. Figure 8 is an exploded view of the main compo-
nent s, and Figure 9 shows a completely assembled controller .

15
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TABLE 1. YAW AXIS CONTROLLE R PA RT S LIST

Find
No. Part No. Description Qty

1 10046948-101 Housing Controller 1
2 10047851-101 Lower Manifold Assy 1
3 10047846-101 Uppe r Mani fold Assy 1

4 10047446-101 Cover. VRS Top 1

5 10047498-101 Pickoff Assembly 1
6 10040030- 101 Coupling, Element AR
7 10047447-101 Cover, VHS Bottom 1

8 10047435-101 Lock Lever, Null 1
9 10049202-101 Spring 1

10 10040762-101 Pin, Null Adj 1

11 10040763-101 Sleeve, Locking 1
13 10047442-101 Bracket, Cable 1

14 10047183-101 Cable, Push Pull Cont 1

15 MS35812-1 Clevis 1

16 AN 3C-6 Bolt, Machine Aircraft 1

17 NAS1291C3 Nut 1

18 10047444-101 Bracket, Support 1
19 10047443-101 Arm. Spool Adjustment 1

20 10047439-101 Plate, Pivot 1
21 10047440-101 Pin, Spool Link 1
22 10047441-101 Pin. Spool End 1
23 10040251-101 Sleeve 1
24 10040250-101 Spool 1
25 10047182-101 Valve, Flow Control 1

26 10047449-101 Bellows Assy 1

27 10047449-102 Bellows Assy 1

~8 10047449- 103 Bellows Assy 1

29 960783-5 Screw, Shoulder 1
30 NAS1352C04-4 Screw, Cap, Soc Hd 11

31 NAS1352C04-6 Screw, Cap, Soc Hd 19

32 NAS1352CO4-8 Screw, Cap 2

33 NAS 1352C04-14 Screw, Cap Socket Hd 1

18 
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TABLE 1. YAW A XIS CONT ROLLER PA RT S LIST (Concluded)

Find
No. Part No. Description Qty

34 Not Used

35 NAS 1352C04 -24 Screw, Cap Socket Hd 1
36 MS28775-005 Packing Preformed’O” RinI, 29

37 MS28775-025 “0” Ring 3

38 MS28775-133 “0” Ring 2

39 MS28775 007 “0” Ring 3

40 10047089-113 Orifice 2
41 10047089-102 Orifice 2
42 10047089-112 Orifice 2

43 10047089-130 Orifice 1

44 461824-2 Pin 1

45 Not Used
46 435100 Plate, Identification I
47 NAS662C2R4 Screw, Machine 2
48 10049198-101 Clevis, Adjustment 1

49 Not Used

50 MIL-S-22473 Sealant AR

51 10047089-128 Orifice 1

52 10047089-115 Orifice 2
53 M528775 004 •0,’ Ring 2

54 10047089-106 Orifice 2
55 10047089-116 Orifice 1
56 10049199-101 Hanger, Mounting 1
57 10049200-101 Bar, Mounting 1
58 MS24693-C2 7 Screw, Flat Head 5
59 MC7777-02 Adhesive AR
60 Not Used
61 M528775 — 008 “0” R i n g  1
62 Not Used
63 10049570—101 Guide 1
64 10050033-101 Bushing, Spr ing i

19
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Figure 4 . Yaw Ax i s  Controller Servoactuator A s semb l y  -

Side View .

_ _  

- 

_

E igure  5. Yaw Axis Controller Servoactuator Assembly -

Top View .
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TA BLE 2. ROLL AXIS CONTROLLER PARTS LIST

Find
No. Part No. Description Qty

1 10049056-101 Block, Capacitor 1
2 10047454-101 Manifold, Lower 1
3 10049045-101 Plate, Spacer 1
4 10047451-101 Manifold , Upper 1
5 10049046-101 Housing 1

6 10047446-101 Cover, VHS Top 1
7 10040030-101 Coupling, Element AR
8 10047498-101 Pickoff Assembly 1

9 10049194-101 Cover, Plenum 1

10 10040763-101 Sleeve, Locking 1

11 10040762-102 Pin, Null Adj 1

12 10049202-101 Spring 1 
V

13 10047435-101 Lock Lever, Null 1
14 M528778-4 Packing, Preformed 4
15 10049203-101 Plate, Hold Down 1
16 960783-5 Screw, Shoulder 1
17 10049204- 101 Bar, Hold Down 1
18 NAS 1352C08-6 Screw, Cap 4
19 10040764-101 Block, Feedback - Single 4
20 10047173-101 Clamp, Viscous Orifice 4

21 10049557-103 Viscous Resistor 2

22 10047484-101 Valve, Needle 6
23 10047170-101 Assembly Amplifier 1
24 10047850- 103 Amplifier Assy 1
25 10047850-102 Amplifier Assy 1
26 10049196-101 Filter, Fitting 1
27 M550l/ 3-R4 Dust Cap 4
28 MS2 1900J4 Union, Flared 1
29 10047449-106 Bellows Assy 1
30 10047449- 104 Bellows Assy 1

31 10047449- 105 Bellows Assy 1
32 MS28775-007 “ 0” Rin g 59

25
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TABLE 2. ROLL AXIS CONTROLLER PARTS LIST (CONCLUDED)

Find
No. Part No. Description Qty

33 MS28775-009 “0” Ring  2

34 MS28775-02 1 “0” Ri ng 1
35 MS28775 ’-005 Packing Preformed “( “ Ring 13
36 MS28775-133 “0” Ring  1 

V

37 MS28775 -025 “0” Ring 3
38 MS28775-00 1 Packing 4
39 MS28775-0 10 “0” Ring 4
40 NAS1352C04-4 Screw, Cap Soc Hd 17
41 NAS 1352C04-lO Screw, Socket Head 3
42 NAS1635-04-15 Screw, Machine 4
43 NAS 1352CO8-lO Screw, Socket Head 4
44 435100 Plate, Identification 1
45 10047450-102 Orifice 1
46 10047089-127 Orifice 1
47 10047089-104 Orifice 2
48 10047089-113 Orifice 2
49 10047450-101 Orifice 1
50 10047089-118 Orifice 1
51 PC4927 -Ol Apply AR
52 MIL-S-22473 Sealant AR
53 10049201-101 Block, Shunt 1
54 NAS 1352C04-6 Screw, Socket Hd 3
55 NAS 1635-04-14 Screw, Pan Head 1
56 MS28775-004 “0” Ring 1
57 10047089-114 Orifice 2
58 10047089-116 Orifice 2
59 NAS 1635-04-26 Screw 1
60 10049557-104 Vi scous Resistor 2
61 MS5152784 Elbow 2
62 10050033 Bushing, Spring 1
63 NAS1352C08-8 Screw, Cap 2
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Figure 9. Roll Axis Controller Assembly.

SERVOACTUATOR S

One directional servoactuator and two cyclic servoactuators are used on

the OH-58 installation; only the directional servoactuator is used on the
TH-57 . Two views of the directional servoactuator coupled with a yaw

axis controller were show n in Figures 4 and 5. A pair of cyclic servo-

actuators is show n in Figure 10. Right - and left-hand servoactuators

are identical except for port locations.

Configuration and perform ance of the directional servoactuator are

similar to those the servoactuator flight tested under Contract DAAJO2-

72-C-0 i l l . Desi gn changes implemented for this operational suitability

program were~

• A new summing linkage design was incorporated into the servo-

actuator . This linkage was expected to eliminate problems

experienced wi th the former linkage.
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• An optional antirotational mechanism was designed for the
directional servoactuator. This linkage was not used in either
of the installations on this program because it aggravated prob-
lems associated wi th binding of the summing linkage.

• The piston area of the servoactuator was increased. This
change was designed to improve threshold, resolution, and
null hunting characteristics of the servoactuator.

• Pilot valve gain was reduced to eliminate an interaction
effect that caused a so-called “tail rotor buzz ” problem
under some unusual conditions~

The configuration of the roll axis servoactuator was modi fied to include
the new summing linkage and the larger piston area of the directional
servoactuator. In addition, the location of the fluidic signal input ports
was changed to eliminate interference of the servoactuators with the
aircraft cowling.

YAW AXIS CONTROL SYSTEM FA BRICATION AND TEST

Thirty-two yaw axis controllers were fabricated and calibrated. Twelve
units were calibrated at 170°F for the TH-57 installation and were checked
at 120°F. The nominal specified h ydraulic fluid operating temperature
for the TH-57 is 50°F hotter than it is for the OH-58; this is the reason
for the slight differences in the two units . Required gain and dynamics
are the same for both applications. The calibration and flightworthiness
testing results of the TH-57 yaw axis systems (KG 12 16AA ) are presented
in Section I of the HYSAS Operational Suitability Demonstration Data
Package. (This Data Package can be obtained from the Eustis Directorate. )
Fourteen OH-58 controllers and six qualification units were calibrated at
120 °F to the OH-58 requirements and were checked at 180 °F. The OH-58 yaw
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axis controller calibration results are presented in Section II of the Data
Package, which covers calibration and flightw orthiness testing of the

KG 12 17AA two-axis OH-58 hydrofluidic damper system. The qualifica-
tion task was eliminated because funds were reallocated. Fabrica tion
and calibration of the yaw axis controllers are  summarized in the followin g
paragraphs.

Rate sensor pickoff null offset was as large as 500 degrees per second in
some cases, with little or no correlation between the offset and ph ysical
differences in pickoff geometry. After several minor errors were dis-
covered in fabrication of the rate sensor, closer quality control was
maintained in the electroforming process; how ever, offsets were still
frequently greater than 200 degrees per second . YG 1143A02 yaw axis
controllers for the TH-57 aircraft used this initial design, and each uni t
was nulled with a bias orifice at the output of the rate sensor s Average
bias orifice size was 0. 015 inch in diameter. Section I of the Data Pack-

age includes a tabulation of calibration orifices on the YG1143A02 yaw
axis controller, The controller with the smallest diameter bias orifice
is the one with the greatest rate sensor offset.

A four-port rate sensor pickoff developed on another program showed
promise of having a muth lower average null offset than the two-port
pickoff used on the YG 114 3AO2 (TH-57) yaw axis controllers. Null off -
set and its variation with temperature was more critical on roll because
of its higher gain; therefore, a four-port pickoff was designed that was
compatible with the roll axis controller. The YG 1143AO1 (OH-58) yaw
axis controller housing was modified to accept this new four-port pickoff .
Offs et of the four -port pickoff was substantially smaller than that of the

two-port design, as evidenced by the calibration data on the YG1 143AO1
yaw axis controller, which Is given in Section II of the Data Package.
Average bias orifice diameter was about 0. 026 inch, three times larger
than that of the two-port pickoff . This same four-port pickoff design was
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later fabricated under another program; its performance is tabulated in
USAA IV IRDL-T R- 77 -2. Based on a sample of 20 sensors, the maximum
flow-loaded offs et was 70 degrees per second .

During fabricati on and testing, several problems were experienced with
the pilot input device (PID) . The close toleran ce hole in the yaw ax is
controller main housing which accepts the PID sleeve was slightl y
oversize due to an improper an odizing procedure. New oversize sleeves
were fab ricated, and the original sleeves we re “sold ” to the producibilit y
program . Leakage between the sleeve and housing was excessive when
the original fabrication method was used . Modification s to the assembly
prodecure included the use of a shrink fit and epoxy sealing rings.

Under som e conditions internal leakage occurred aroun d the orifice
restrictors, resulting in inconsistent calibration data. The configuration
of the orifice installation is shown in Figur e 11. The 0. 005-inch-thick
shim was added to maintain tighter contact between the “0” ring ari d the
orifice cap. This general configuration is not recommended for future
designs.

Spring rate checks made by receiving inspection showed that the spring
rate of the purchased bellows (fluidic capacitors) was hi gher than speci-
ficat ion. One-hundred percent inspection was required to ensure that all
bellows were within specification limits.

(4) Walter Posingies, Production Suitability of an Electroform Conductive
V 

Wax Process for the Manufacture of Fluidic Systems, Government
and Aeronautical Products Div ,, Honeywell m c ,, USAAMRDL-TR-
77-2, Eustis Directorate, U S . Arm y Air Mobility R &D Laboratory,
Fort Eustis, Virginia, A pril 1977, AD038562.
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Design.

A completed controller was disassembled and cleaned to determine
if contaminant s had entered during the fabrication and assembly pro-
cess. Three particles large enough to block a resistor were found
(typical size was 0. 020 inch in diameter) . Use of ultrasonic cleaning
on all assemblies was initiat ed~

Yaw axis controllers were proof pressure tested to 900 psi . At this pres-
sure, excessive bending occurred on the manifolds. More and stronger

bolt s were used to prevent this deflection.

Conductive wax was not completely removed from one manifold and
several amplifiers d~iring the initial cleaning process. The obstruc-
tions were noted during component tests and system calibration. All
manifolds and the affected amplifiers were recleaned. Improvement
in the cleaning process is planned for future programs.

The viscosity of hydraulic oil changes with use in the test bench as
well as in the aircraft . Because the viscosity of the hydraulic oil in
the test bench was low, although still within specifi cation limits, it
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was changed. When Ft. Rucker yaw axis controllers were retested with
the new oil, their gain performance at 120°F was low on several units ,
Four systems were recalibrated to provide higher gain below 120°F to
prevent the occurrence of this problem in the aircraft,

ROLL AXIS CONTROL SYSTEM FABRICATION AND TEST

Fourteen roil axis controllers were fabricated and tested. Flightworthi-
ness test results and calibration data are presented in Section II of the
Data Package. Roll axis controllers were calibrated at 120cF and checked
at 180°F . A single flow control valve set at 0. 7 GPM ± 10 percent is
used for the two-axis OH-58 system. It is installed in the yaw axis
controller .

Calib ration of each yaw axis controller compensates for any error in the
flow control valve; however, all roll axis controllers were calibrated
using the same flow control valve with a flow of 0. 643 GPM . When in-
stalled on the aircraft, most roll axis controllers will have a higher gain
than that given in Section II of the Data Package because most flow control
valves (in the yaw axis controllers ) have a flow higher than 0. 643 GPM.
Null offset is another parameter that is sensitive to flow .

The major design change incorporated into the roll axis controller for
operational suitability was that the size of the standoffs on both the upper
and lower manifolds was reduced, Thes e smaller standoffs, which use
a 005 “0” ring rather than a 007 “0” ring as on the original roll axis
controller, are used on both yaw and roil axes controllers because they
are more consistent and improve performance. However, during proof V

pressure testing ‘it was discovered that the spacer plate (Figure 8) had
not been redesigned and the holes were sized for 007 “0” rings. Small
spacer rings were then fabricated and placed in the oversize holes to
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reduce their effective diameter. Figure 12 shows a cross-sectional view

of a typ ical j unction between the upper and lower manifolds . One junction

is required to have a 0. 028- inch-diam eter orifice , which is attached in

the m anner show n . A replaceable orifice cup cannot be used in this loca-

tion because the height is insufficient to use the Figure 11 configuration

and the standoff diameter is too small to use the Figure 13 configuration .
These changes proved to be satisfactory.

Proof pressure testing also showed that the hold-down clamps were not

strong enough to contain the rate sensor covers; therefore , a stronger

hold-down plate was designed (Figure 8) . Stainless steel bolt s u sed

for holdi ng down the manifolds were replaced with high -strength bolt s

to obtain the 900-psi proof pressur e capability.

The cause of a la rg e, unexp lained offset at the output of the high pass

was determined to be the physical orient ation of the bias resistors as
shown in Figure 1.4 . Because the flow through R7 impinged directly on
R6, the recovered pressure at P1 is greater than at P2 even though R6

and R 14 are equal. Figure 6 shows the location of these resistor s in
the circuit . Thi s proble m was solved by pressing a diverter plug into

the lower manifold baseplat e as shown in Figure 15 to prevent imping-
ment of the stream from resistor R7 ont o resistor R6 .

Another bias circuit problem was uncovered while testing the system
over a wide fluid temperature range. In the circuit shown in Figure 16,
pressure P 1. usually equals P2 and is lower than P0. Under som e tern-
perature conditions, the pressure levels at P 1 and P2 would increase

such that they would become as large as P0. In this case the pressure
drop across R 6  and R l4  would be zero, and the resistance of R6 and R 14
would be nearly zero. This would result in a short across the high
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pass and very low system gain . The proble m was solved by blocki ng
resistor 118 and eliminating resistor R7 , thereby ensuring a positive
flow through bias resistors R6 and R l 4  at all times.

A nonlinear lag bellows that could change the lag time constant by a
factor of three depending upon the amount of offset in the preamplifier
presented another problem. This same bellows was tested on another
program and was found to have the characteristic shown in Figure 17 .
Spring rat e at 2 psid in compression was less than 10 psid per inch of
deflection. This increases to 30 psid per inch at a pressure of 2 psid
in extension. Nominal operating point for a lag is 0 psid (neither com-
pression or extension); however, for a high pass the operating point
can be biased to operate in the linear portion of the curve, which is
about 2. 5 psid in compression. A more expensive electroformed bel-
lows with a linearity of about ± 5 percent was ordered for the lag c ir-
cuit when the magnitude of the problem was realized.

I
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SECTION UI

INSTALLATION DESIGN

Two installation kits were designed. The KG 12 16AAO1 is the yaw axis

stabilit y augmentation kit for the TH-57 aircraft, and the KG 12 17AAO1
is the two-axis stability augmentation kit for the OH-58 aircraft. All

part s necessary for installation of the appropriate HYSAS and a com-
plete set of instructions were included with each kit . Each of the two
installation facilities (Pensacola and Ft . Rucker) was provided s.,Vj t h  a

UG2555AA0 1 test set that was specifi cally designed to measure the
performance of the HYSAS installations.

SUBCONTRACT SUPPORT

A subcontract was negotiated with Bell Helicopter Company (Textron)
covering design support , specific items of installation hardware , in-
stallation of the HYSAS kit s, and restoration of the helicopters follow -

ing the operational testing. Design support included a definition of the
two airframes, a review of installation drawings, and on-site consult a-
tion during first-article proofing of each configuration.

Hydraulic Research (Textron ) modified the con figurations of their cyclic
servoactuators to eliminate a cowling interference that was experienced
on a previous program.
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DRAFTING

More than fift y drawings were generated to define the instal lat ion of
these HYSAS kits. Eight of these were complex installation layout
drawings; most of the remainder were piece-part drawings of brack-
ets, supports, st iffeners , flexible hyd raul ic  hose s, hyuraulic tube s,
shims, etc.

TEC HNICAL MANUALS

All HYSAS kits included a current installation manual. This manual
tabulated a list of parts for each sub-kit , provided a step-by-step pro-
cedure for installing the component s in each aircraft , an d defined a
ground test checkout procedu re. Supplement s to Army \laintenance
Manual TM-55- 1520-228-34 and Operator ’s Manual Tr ~1-55-l52 0-228-l0
were writ ten and copies of these supplements were included in each
KG 1217AA OI kit .

INSTA L LA TION CONFIGURATiONS

The configuration of the Army installation is very similar to that used
in the previous OH-58 flight test programs. Existing cyclic control
servoactuators were replaced wit h fluidic input servoactuators , and a
directional servoactuator with a fluidic controller was added as shown
in Figure 18.

Major roll axis component s are the controller (Figure 9) and the
servoactuators (Figure 10). A side view of the roll axis installation
is shown in Figure 19 , and a top view is shown in Figure 20 .
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Figure 21 shows the installation of the yaw axis  system. This uni t  is

located in the same area as the pr evious YG 11O5AO1 HYSAS, which is
shown in Figure 22.

HYDRAULIC CIRCUIT

Figure 23 is a schematic of the OH-58 hydraulic system. High-
pressure h ydraulic fluid is routed through the engine compartment to the
yaw axis servoactuator and yaw axis cont roller . Output flow from the
yaw axis servoactuator is routed to the system return, while the output
flow from the yaw axis controller is routed to the rol] axis controller,
where it is used a second time. The back-pressure regulator maintains
a pressure of about 100 psi above system return at the output of the roll
axis controller. External plum bing is necessary to transmit h ydraulic

signals from the roll axis controller to the fluidic input cyclic servo-
actuators, whereas similar connections are accomplished internally in
the yaw axis servoactuator and controller assembly. The remaining
h ydraulic ~.~onnections shown in Figure 23 are standard for the OH-58
helicopt er.

The HYSAS configuration of the TH-57 hydr aulic system is nearly the
same as in the standard aircraft . The standa rd aircraf t has a di rectional
boost servoactuator with hydraulic supply and return lines; therefore,
the only external plumbing change is connecting the controller return line

V . to a back-pressure regulator as show n in Figure 24. The controller and
sorvoactuator are connected internally.
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1. AN 14-22A , Bolt 16. MS21042L4 , Nut
2. AN96OPD416 , Washer 17. AN 17 4-1 3A , Bolt
3. Honeywell p/n 10047861-101, 18. AN960PD416, Washer

Magnetic Brake 19. AN4-4 i , Bolt
4. AN960PD416 , Washer 20. AN96OPD4 1G, Washer
5. Bell p/ f l  50Z 16-8-5 21. Honeywell p/n 10047494-101,
6. MS17625-4 , Nut Tube Assembly
7. MS 24 665-l 51 , Cotter Pin 22. MS17825-4 , Nut
8. MS17825-4 , Nut 23. MS24665-l51 , Cotter Pin
9 . AN960PD41 6 , Washer 24 . Bell p/n 50Z 12-9-2

10. AN174-20 , Bolt 25. MS 17825-4 , Nut
11. Honeywell p/n 10047490-101 , 26. MS24665-151, Cotter Pin

Tube Assembly 27 . Honeywell p / n  10047852-10 1, Yaw Se rvo-
12. Honeywell p/n 10047179-102 , Support actuator and Rate Sensor Amp l i f ie r
13. Honeywell p/n 10047179-101 . Support 28. Honeywell ~ V fl 10047487- 101 ,
14. AN4-4 1A , Bolt Anti-torque Cylinder Support
15. AN96OPD4I6 , VV

V a S h IV F 29. Honeywell p/n 10049191-101, Force Gradient

Figure 21 . Yaw Axis Controller and Servoactuator Installation.
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Figure 23 . OH-58 Hydraulic System Schematic.
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Figure 24 . Standard TH-57 Hydraulic System Configuration
and Modification with SAS Installed .
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ELECTRICAL SYSTEM

The hydrofluidic controllers operate whenever hydraulic power is

available; however, the control servoactuators operate only wh en thei r
engage solenoid valves are energized . Figure 25 show s the modifications
to the OH-58 electrical system. The control servoactuators are engaged
b y fi rst closing the circuit breaker (damper) on the overhead console and
then engaging the damper switch on the control console. An emergency
disengage switch, located on the pilot ’s cyclic grip assembly, will

disengage the system, and the damper swit ch must be recycled to
re-engage the system. All three servoactuators are engaged at the same
time •

Boost and force trim servoactuators were added to the OH-58 primary
directional control system, and their operation was made to be indepen-
dent of the H YSA S. As shown in Figure 26, the yaw axis magnetic brake
is electrically connected in parallel with the cyclic magnetic brakes.

Figure 26 is a schematic of the electrical m odifications to the TH-57
aircraft . This installation uses only one servoactuator, and no additional

wiring is required becaus e the yaw axis magnetic brake is part of the
standard aircraft. Emergency disengage switches were installed in
both the pilot ’s and copilot ’s grips .

SYSTEM TESTER

The performance of the newly installed systems was established using V

the UG2555AA01 test set and an appropriate strip chart recorder . In-
structio~is for accomplishing this checkout are outlined in tl~
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Figure 25. OH-58 Electrical System Schematic.
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installation manual. These tests were performed periodically dur ing  the
1-1/2 years of flight operation to determine if system performance was
changing.

The tester is shown in Figur e 27 . Ri ght and left pedal fixtures limit
pedal travel so that test inputs of exactly 1 inch can be int roduced . Yaw
axis movable and yaw axis fixed transducer assemblies measure direc-
tional inputs at the tail rotor crosshead. Motion at this crosshead is the
sum of the pedal input and yaw axis HYSAS input . Roll axis fix ed and V

movable transducer assemblies are used only on the OH-58 helicopter.
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SECTION IV
SYSTEM INSTALLATION AND FIELD SUPPORT

Ten single-axis hydrofluidic stability augmentation systems (yaw) were
installed in Navy TH-57 helicopters at Whiting Field near Pensacola,
Florida. Twelve two-axis hydrofluidic stability augmentation systems

V 

(roll and yaw) were installed in Army OH-58 helicopters at Fort
Rucker , Alabama. This section describes the field support activity
during the installation and during the 1-1/2 years these systems were
operating. The more significant malfunctions are described in Section III
of the Data Package, and the circumstances of these malfunctions are
described in detail in this section.

PEN SACOLA INSTALLATION

First article proofing of the TH-57 HYSAS kit was conducted at Whiting
Field, Pensacola, Florida, in October of 1974. Many discrepancies

were uncovered in the area of the tail rotor servoactuator. Drawing
changes, hardware modifications, and technical manual changes were
incorporated as a result of this proofing.

Installation of the TH-57 systems started on March 3, 1975 at Whiting

Field. Additional interference problems were discovered. One problem 
V

occurred when the magnetic brake was moved to the right-hand side of

the ship. Of the many solutions proposed by the on-site team, the only
satisfactory solut ion required a complete redesign of the magnetic
brake support. Because redesign was requ ired, the installation team
inve stigated the possibility of moving the P]D cable to the right -hand V

side and leaving the magnetic brake in its original position. New PID F

cable brackets were designed and fabricated on site. Th is solution was
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proved satisfactory and implemented. The new design eliminates the

need for aircraft structural modificat ion and reduces the installation

time of each aircraft by 1 day.

The flexible hydraulic hose con figurations were also modified to
minimize forces transmitted to the aircraft structure. The UG255 test
set was checked out on the aircraft in accordance with the technical
manual instructions . Initial test result s were disappointing because the
h ydraulic cart oil temperature could not be increased above 90°F; the
HYSA S was designed to operate over a temperature range from 130° to

180°F.

Installation was delayed for 5 weeks until the required changes could

be implemented. Brackets were designed and fabricated , hoses were

purchased in the new configurations, and manuals were revised. This

delay also allowed the Navy to modif y their hydraulic cart to operate

at a higher oil temperature. Installation resumed on April 14. The

hydraulic cart pum p displacement adjustment was increased, allowing

the oil to heat at a f as ter  rate and the cart to stabilize at a higher oil

temperature.

Each H YSA S was tested in a manner similar to that shown in Figure 28

before the aircraft was released for a test flight . The following is a

summary of the test sequence used in generating thi s test data:

1. Connect test equipment per manual instructions and heat the
HYSA S to at least 120°F oil temperature.

2. Turn on recorder , wait about 5 seconds, and turn on HYSAS..
This defines the offset and engage transient .
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HYSAS ‘ON

BIT IN*

31T OUT*

X50 HYSAS ”ON”

~ 1
J._..HYSAS OFF

HYSAS “ON”

/‘~~GHT

/ PEDAL

/ LEFT
I PEDALI

10
SEC

HYSAS OFF

T RIGHT PEDAL

LEFT PEDAL

I I~ ONE-INCH
s—PEDAL

~ 
ONX 100

* Each HYSAS has built-in test, BIT , a feature which introduces a pseudo
rate signal into the rate sensor vortex chamber whenever BIT (or lock
lever, null) is depressed .

Figure 28. TH-57 Strip Chart Recording of
Yaw Axis Performance.
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V 3 Depress BIT, hold it for abo ut 15 seconds, and release. This

will show polarity, high-pass time constant , approximate mag-
nit ude of the high-passed rate gain , and the amount of through-
rate gain.

4 . Adjust recorder to XlO O scale and repeat on-off transients.

5. With the HYSA S on, depress the right pedal (it will move only
1 inch because of the test fixt ure and stops) and hold it for 15
seconds; then depress the left pedal and hold it for 15 seconds.
This section of the strip chart curve shows the magnitude and
characteristic of the PID input . The amount of overshoot is

V indicative of PID gain, and the shape shows the effects of the
1-second lag and the 2 . 5-second high pass in this circuit .

6 . Turn the HYSA S off , wait 5 seconds, depres s the right pedal

for 5 seconds, and the n depress the left pedal for 5 seconds.
This last step provide s a check on the tester and recorder
calibrat ion, as this step is equivalent to 1 inch of pedal .

FORT RUCKER INSTALLATION

First-article proofing of the 011-58 two-axis H YSAS kit at Fort Rucker ,
Alabama,was completed in January of 1975. Nearly 10 minor discrepan-

cies ranging from tubing bend locations to typographical errors in parts
lists were found .

Design changes were incorporated, and installation was started at the end
of May 1975. Testing of the yaw axis was the same as shown in Figure
28. Roll axis test data is shown in Figure 29. Electrical transducers
are mounted on each cyclic servoactuator and their output is recorded on
a strip chart recorder . Engage transients show the magnitude of the off-

set, and by comparing the outputs of both cyclic servoactuators, it can be
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Figure 29. OH-58 Strip Chart Recording of Roll
Axis Performance.
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determined if the offset is in the controller or in one of the servo-

actuators. Depressi ng BIT and releasing it about 30 seconds later
provide s traces that indicate the relative gain and dynamics of the
roll axis syst em .

SERVOACTUATOR SUMMING LINKAGE PROBLE M

The most prevalent problem in the field was binding of the servoactuator

summing linkage. During installation at Pensacola, it was discovered

that a tendency for feedback into the pedals from the servoactuator could

be eliminated by proper shimming and b y ad justing pedal fr iction to the

specified amount. Malfunction reports were not written at this tim e be-

cause shimming is a normal part of the installation. Pedal feedback
occurred again in some TH-57 aircraft after installation was completed
and malfunction reports were written (see Honeywell Malfunction Re-

port (HMR) B020l0 and B02011) ; however, the problem was attr ibuted

to poor shimming or alignment . Manipulations of the summing linkage ,
such as those occurring during the shimming process, probably freed

the linkage and appeared to correct the problem.

During instaliation at Lowe Field in Fort Rucker , the problem of force

feedback into the pedals occu rr ed again and could not be corr ected by
shimming or adjustment (see HMR B02014). Yaw axis controller S/N 16

was removed from the aircraft and sent to Honeywell to determine if the

problem could be duplicated in the laboratory.

The laboratory acceptance test fixture was modified to include the air-
craft ant itorque control lever (Item 9 in Figure 30) so that the magni-
tude of the effective pedal forces could be measured. Figure 3 1 is a
photograph of the force-inducing summing linkage and Figure 32 is a
detailed sketch. Tests demonstrated that excessive friction on the
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VIEW A

1. Peda l Assembly ’ 13. Honeywell p/n 10047490-101 ,
2. Control Tubes ’ Tube Assembly
3. Adjuster Knob’ 14. Honeywell p/n 10047491-101 ,
4. Pedal Bellcrank’ Walking Beam
5. Control Tube ’ is. Honeywell p/n 10047492-101 ,
6. Clamp Nut ’ Walking Beam Stop
7. Stop Pin ’ 16. NAS428-4- 12 , Stop Bolt
8. Honeywell p/n 10047494-101 , 17. NAS5O9-4 , Drilled Jam Nut

Adjustable Tube Assembly 18. Tail Rotor Blade ’
9. Honeywell p/n 10047486-101, 19. Washer(s)’

Anti-torque Control Lever 20. Pitch Link’
10. Honeywell p/n 10049191-101, 21. Tail Rotor Crosshead’

Force Gradient 22. Tail Rotor Pitch Horn’
11. Ho.ieywell p/n 10047861-101, 23. Tail Rotor Yoke’

Magnetic Brake 24. Bellcrank’
- - 12. Hon eywell p/n 10047852-101 , Servo 25. Rod Assembly’

V Actuator and Rate Sensor Amplifier

‘Existing Bell parts are denoted with an asterisk

Figure 30. OH-58 Antitorque Control System (Concluded).
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Figure 31. Servoactuator Summing Linkage - Ph otograph .

upper bolt caused the control servoactuator output to “kick ” back into the
pedals rather than move the servoactuator pilot valve. Experiments
showed that proper shimming in the area of the upper bolt could preven t
f riction-producing misai.ignments. Inspection of the unit also showed that
there was som e wear between the lower spacer and its slot in the rod end
assembly.

Review of the linkage design included a review of the results of the

described tests, results of previous flight tests on a very similar design,
and dat a on the original design . It was concluded that the fo r ce feedback
problem could be eliminated by incorporating the changes outlined in
Figure 33. The upper bolt was modified to accept an aluminum bronze
bushing, thereby providing a good bearing surface for the center link .
The 15-5PH sleeve was used to hold the bushing in place and to provide
proper spacing for the upper bolt linkages . Shim s were to be used to main-
tain proper alignment of the upper bolt linkage . The lowe r spacer was
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ALUMINUM BRONZE BUSHING

15-SPH SHIM (0 001-0 .003 IN
V BOLT CLEARANCE EACH SIDE)

15 - 5PH S L E E V E

~EW UPP ER 

~~ IDLER LINK

.VVVVV.VVV .V JI 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ROD i ND

NEW ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ SL0T CLEARANCE
SPACER

Figure 33. Modified Summing Linkage.

replaced with a smaller diameter unit to prevent contact, It was antici- V

pated that this retrofit would solve the binding problem; however, it was

also recognized that this was an interim configuration and that a complete
redesign would be required on future builds of similar hardware . A
stress analysis on the revised design showed that the new bolt design was
acceptable under all static, dyrtarnic, and ultimate load conditions. All

summing linkage in the field was modified to incorporate the described
changes in August 1975.

Summing linkage friction is most noticeable on the roll axis servoactuators

of the OH-58 helicopter. Some summing linkage friction can be tolerated 
V

if the flight control stick minimum friction is adjusted to its prescribed

limits of 1±0. 5 lb (Ref . TM55-1520-228-34) 5; however, it was policy at V

Lowe Field to adjust this friction to zero. Pilots strongly objected when

on several aircraft this flight control stick friction was adjusted to the

specification limits, contending that this friction makes control of the

aircraft more difficult.

5. DS and GS Maintenance Manual, Army Model OH-58 Helicopters, Head- 
V

quarters , Department of the Army, TM55-1520-228-34, Nov. 1972. V
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It appears as if the field retrofi t reduced summing linkage friction to
V where it was undetectable when used with a properl y adjusted linkage.

HM R B02030 describes a case where the lack of sufficient flight control
stick friction allowed the stick to move when the system was engaged in

a ‘ hands off ” maneuver. Four additional summing linkage malfunctions

occurred during this program. Malfunction B02033 was considered to be

an isolated case and was returned to the vendor . It appeared that some
contamination had entered the exposed linkage causing binding. When
malfunction B02039 reported a similar problem , the servoactuator was
sent to the Hone ywell failure analysis laboratory. Details of this analysis

are reported in Section IV of the Dat a Package . Two additional linkage
malfunctions (B02047 and B02055) occurred during the remainder of the
program.

Servoactuator summing linkage friction was checked on eight OH-58 air-
craft on 2-3 August 1976. Friction on the lower bolt was measured with
a torqu e wrench . It was found that two servoactuators out of 24 had
excessive friction. One inch-pound or less is normal, but the left-hand
roll axis servoactuator (S/N 001) on aircraft 774 had a torque of over
1. 5 inch-pound. The left-hand roll axis servoactuator (S/N 004) on
aircraft 775 had a very large 4-inch-pound torque. Three other bolts
gave an audible squeak when rotated , but their torque was less than 1

inch-pound. The subject bolts were each packaged separately with their
data as summarized below and sent to the servoactuator vendor.

Air-  Total
craft Flight V

Servoactuator No. Hours Reason for Removal
Tail Rotor - 5000 S/N 020 352 352. 2 Squeak when rotated
Left-Hand - 5140 S/N 001 774 200. 6 Excessive torque ,

Roll Axis 1. 5 in.—lb
Left-Hand - 5140 S/N 004 775 296 . 2 Excessive torque ,

Roll Axis 4 in. —lb
Left-Hand - 5140 S/N 010 160 107. 9 Squeak V

Roll Axis 
V

Right-Hand - 5150 S/N 003 352 343. 4 Squeak
Roll Axis
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V There was a concern that the servoactuator summing linkage problem

mi ght become m ore severe. Vendor investigations showed that most
of the observed deposit s cou ld be dis solved off and mi nor discolora-
tion could easily be removed with a light application of crocus cloth.

An extensive summing linkage redesign will be required if this or
similar servoactuators are used in the future. The following factors
should be considered when eval uat ing linka ge design s:

• The pedals and stick are cycled frequently wit h the hydr aulic

boost off. This result s in large forces on the linkage which
can cause excessive wear or damage.

• It should be determined which surfaces are bearing surfaces, V

an d t he forces on these bear ings should be calculated under

worst-case conditions. Some surfaces such as the lower bolt
are a bearing surface onl y when the boost is off .

• Whe n a linkage design uses a large number of pieces, the -j
potential for jamming as a result of slight misalignments
increases.

• Linkages should be capable of tolerating moderat e amounts of
contamination and/or should be prc4ected. 

V

LEAKAGE V

Leakage problems were encountered as frequent ly as summing linkage
problems but were easier to detect. The three major leakage problem V

areas were the PlO IIQII rings, the BIT “0” ring, and the flow control
valve “0” ring. Leakage resulting from contamination or from an
electroforming problem will be discussed under those categories.
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P LO leakage was the demonstrated or sus pected cau se of leakage i n
seven malf unctions: B02 012, B02022 , B02023, B020 3 1, B02044, B020’~~,
and B02052 . A drawing of the PlO spool and sleeve is designated as Sec -
tion C-C in Figure 2, and the spool can also be seen in Figure 3. T h e
spool seal design is identical to that designed on Contract DAAJ O2-72- ( -
0051 (Refe rence 1). It proved to be satisfactory in laboratory tests and
in flight tests , This design uses substantially less “0” ring compression
than that of similar st andard applications to redu ce fric tion and to preven t
damage to the “0” ring during assembly. If th e com pression were large,
the “0” ring would extrude into the metering slot during assembly and
this material would be sheared off as the 1101? r ing moved past the end of
the slot. Thi s would not only damage the “0” ring but it would also intro-
duce contamination. A complete redesign will be required in future
applications, and it must have the following features if a spool and sleeve
configuration is selected.

• Standard “0” rin g compression will be used.

• The “0” ring will not be subjected to damage during assembly.

• The mechanism will be compatible with the higher friction
levels associated with the greater compression.

The PID design was marginal; however, many of the installations worked
satisfactorily througho ut the 1-1/2-year program. Those that leaked
did so only when the aircraft was parked. Internal pressure under this
condition was equal to a head of several feet of oil, which is insufficient -

V

to seat the “0” ring. During laboratory testing, the level of the reser- V

voir was below that of the PD valve, thus prevent ing external leakage;
during operation or flight , the pressure was very high,thereby sea4ing
the “0” ring, It appears that the “0” ring became unseated when the
aircraft was parke~d and the pedals were moved with the hydraulic
system off.
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An interim corrective action consisted of using a larger 006 “0” ring
V 

in place of a standard 005 “0” ring to slightly increase compression.

This corrective action was incorporated in all Pensacola units in
October 1975. OH-58 yaw axis controllers received this modifi cation
whenever a problem occurred or whenever they were returned to

Minneapolis for another problem. The larger “0 ’  ring reduced the
problem but some seepage was observed on units incorporating the
modificat ion.

BIT leakage was found during installation but was never experienced
after the aircraft had com pleted its initial ground check. The BIT
assembly is defined as Sect ion D -D in Figur e 2 . The null adjust pin
(No. 10 in Figure 2) and the “0” rin g are r etai ned by t he locking sleeve
(N o. 11). This sleeve tends to work loose when BIT is depressed and
released repeatedly (i. e . ,  whe n t he null ad just pin is rotated repeated-
ly). To correct the problem, this sleeve was permanently “staked ”
using a center punch on all units.  This “ staking” can be seen in
Figure 34. All of the OH-58 units and some of the TH-57 units re-
ceived this modification before they were shi pped. The remaining
TH-57 units were modified on site in Pensacola.

Flow control valve leak age r esu lted beca us e the “0” ring entrance
chamfer was machined too deep in the controller housing. “0” rin g
compression was sufficient on most units, preventing any leakage;
however , some slight leakage was experienced on a nu mber of other
units. Figure 35 is a sketch of the flow control valve installation. An
additional “0” ring was incorporated in the location shown in Figure 35
on Pensacola controllers during October of 1975 . OH-58 units re-
ceived this corrective action only when they were returned to Minne-
apolis or whe n they showed signs of leakage . Flow control valve leak-
age was the subject of HMRs B02009 and B02028.

69 

-V - - - -V - -- V~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



V . ~V V V  -~~~~~~~~~~~~
_ V-V-

~~~~~~ - - V- - V  -

Figure 34. Staking of flIT Locking Sleeve .

MISHANDLIN G

Most of the mishandling problems occurred during the shi pment of yaw

axis controllers mounted on their servoactuators. Shearing off of the

PID bracket screws, Figure 36, was the mos t common occurrence and

is reported in HMRs B02003, B02006 and B020 13. This servoactuator

assembly is relatively heavy and subject to damage during packing, ship-

ment, and unpacking. The exact point where and how the malfunction

occurred has not been determined. Improved packaging greatly reduced

the mechanical damage experienced during shipment; however, som e

servoactuator assemblies are still damaged when they are returned from

the field .

Servoactuator null, HMR s B0200 1 and B02025, is anothe r ex ample of

probable mishandling. A sharp blow to the servovalve will cause it to

move on its mounting, resulting in a null off set . This relativel y heavy

tail rotor servoactuator assembly is installed in tight quarters and is
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MS28775-11 3

MS287 75-016

MS2877 5-11

H O U S I N G

F LOW
CONTROL

fi // V A L V E

V 

V

ADDIT IONAL 0” RING ADDED HERE TO ELIMINATE
EXTERNAL LEAKAGE PROBLEM

“0 ’ R I N G  E N T R A N C E
CHAMBER TOO DEEP

Figure 35. Flow Control Valve Installation.
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sometimes mani pulated qu ite for cefully to obtain required alignment
during installation. Both the PlO bracket and the servovalve can
be easily redesigned to be more tolerant of abuse. In production , the
packaging would also be redesigned to prevent shipping damage.

CONTAMINATION

Incomplete removal of the conductive wax after electroforming appears
to be the cause of malfunctions B02 024 and B02040. The cleaning m ethods
used on this program were demonstrated to be un satisfactory; therefore,
an improved technique using hot solvent under high pressure has been
developed . It should be recognized that each new design will have its
uni que cleaning requirements, and some development will be required to
ensure complete wax removal.

Contamination entering the system during assembly or test appears to
be the cause of the leakage reported in HMRs B02008 and B02048 .
Laminar flow benches are now being proposed for fluidic production

program s to minimize the entrance of contaminants during assembly.

FIE LD MAINTENANCE BY MILITARY PERSONNEL

Both Arm y and Navy maintenance men were proficient at removing and
replacing the fluidic systems. However, because not all field maintenance
men read blueprints correctly, mistakes such as incorrect system
installation, reported in HMR B02034, occurred. The design is such
that an improperly phased connection looks “better ” than when properly
phased. Use of different line sizes would prevent this problem; however,
this is not always practical. As a minimum, a production design should

V 
appear neat and organized when the lines are properl y phased and should
have the appearance of being crossed or mixed up when improperly phased.
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V V One objective of the program was to obtain recordings of HYSAS perfor-
mance on each aircraft every few months; however, only a limited am ount
of data was obtained during the program.

Internal adjustments on the Navy hydraulic cart were set up to limit
maximum output pressure to about 650 psig even if the operator made
a serious error. Howeve r, since this cart was oversized by several
orders of magnitude, it was difficult to heat the fluid to the desired
temperature of 120°F or greater. Honeywell worked with the Navy to

V change some internal adjustments which resulted in satisfactory operating

temperatures (after a 45-minute warm-up period), but these adjust-
ment s were returned to their original settings when the hydraulic cart
was sent in for maintenance. Some of the Navy dat a is misleading
because of the low hydraulic oil temperature.

Army hydraulic carts were also large, but they could be adjusted to

heat up or cool down within a few minutes time. These carts are very
complex, and few people are capable of operating them. Malfunctions
B02046 and B02056 are examples of overpressurization because of cart
malfunction and/or operator error . The fluidi c system can be main-
tained and replaced without the use of a hydraulic cart .

ADJUSTMENTS

PID null is adjusted during calibration by centering the lever in the slot
and tightening the screw to clamp the PID lever clevis to the vertical
shaft. These components are shown in Figure 36. Malfunction B02045
resulted due to slippage of the shaft in this clevis . This sam e prob-
lem also occurred on another program and is briefly discussed in
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Reference 6. The solution was to extend the clevis slot, allowing better
clamping action. This modi fication was not incorporated into the opera-
tional suitability units as they were already in the field when the solution
was dem onstrated. A complete redesign of PID hardware with positive
locking will be a requirement on any future application.

V 
Slippage of an output null adjustment (Figure 36) is the suspected caus e
of malfunction B02053 . This adjustment is secured by f riction, and a

rubber base adhesive is app lied after controller calibration is com-
pleted. Positive locking means will be used in future applications.

LEAKAGE DUE TO ELECTROFORMING PROCESS

During the electroforming process, the current densit y is much
higher on the outside corners of the manifold plat e resulting in a

“flash like ” buildup where the man ifold plate joins the plating rack .
A stackup of tolerances between this manifold and a mounting bracket

caused the manifold to seat improperly due to this excessive nickel.

This interference was so slight that it was not noticed on initial cali-

bration or when it was returned to Minneapolis for malfunction
B02029 . After a failed “0” r ing was replaced, the unit was proof
pressure tested and returned to the field . Leakage occurred again,

6Walter Posingies, Production Suitabilit y of an Electroform Conductive
Wax Process for the Manufacture of Fluidic System s, Phase II ,
Government and Aeronautical Products Div ., Hon eywell Inc .,
USAAMRDL-TR-76-42, Eustis Directorat e, U.S. A r n i v  :\ir
Mobility R&D Laboratory, Fort Eustis, Virginia, Jan . 11)77,
AD035173.
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and the problem as reported in B0203 5 was discovered in the field.
The present electroforming process specification require s the use of

current robbers to obtain a more eve n current distribution to elimi-

nate the large buildup of nickel on the edge s of manifold plates.
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SECTION V
RELIABILITY AND MAINTAINABILITY

HYSAS MEASURED AND PREDICTED RELIABILITY

During the H YSAS Operational Suitabilit y Demonstration Program, 40

hydrofluidic stability augmentation systems (HYSAS) accumulated a total
of 15, 950 flight hours while performing under actual helicopter operating

conditions . Honeywell’s Failure Reporting , Analysis and Corrective
Action (FRACA) system was used to track HYSAS reliability. Basically ,

FRA CA is a design/reliability tool used to control product reliability
and system safety characteristics within predetermined limits Control
is maintained through Honeywell Malfunction Reports (11MW s) by:

• Recording the initial information concerning a detected or
suspected malfunction

• Defining the results of any subsequent analysis

• Classifying malfunctions

• Defining the corrective actions to be taken to eliminate or
greatly reduce the effects of any experienced failur e

Fift y-six HMR ‘s were issued during this flight testing program. They

are provided in Section UI of the Dat a Package. Table 3 summarizes the

applicable reliability data listed on each HMR .

Eight of the ma lfunctions were classified as fa ilures and are therefore
relevant to the HYSAS mean time between failure (MTBF) calculations.

Five different reliability characteristics were employed in classifying

these HMR’ s to describe the events surrounding the various deviations
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TABLE 3. OPERATIONA L SUITABILITY MALFUNCTION
REPORT STATUS (CONTINUED )
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TABLE 3. OPERATIONA L SUITABILITY MALFUNCTION
REPORT STATUS (CONCLUDED)
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in HYSAS performance. These characteristics, termed malfunction,
discrepancy, failur e, pattern failure, and nonrelevant failure, are

defined below .

Malfunction

A malfunction is defined as any unana lyzed deviation in output perfor-
mance of the equipment under test from the specification requirements.
Once the malfunction is analyzed through the failure reporting and cor-
rect ive action (FRACA ) process , the malfunction is classified as a dis-
crepancy or as a failure.

Discrepancy

A discrepancy is defined as an ana lyzed malfunction that has one of the
following causes .

• Typographica l errors in the produ ct documentation that
can be corrected by a “records only” type of cbange. For
example, if a certain pressure n~ asurement differs from
that of the specification but is eventually proven to be
correct , the specification would be correct ed and the mal-
function classified as a discrepancye

• Test operator error or defective test equipment. For
example, if the operator permitted test cart hydraulic
pressures to exceed the saf e working pressures of HYSAS,
any resulting damage would be classified as a discrepancy.

• Secondary failure. For example, if the aircraft filtration
system permitted HYSAS to become contaminated to where
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performance dev iations were detected, the malfunction
would be classified as a discrepancy.

• Incompatibility between elements of product documenta-

- tion. For example, malfunctions resulting from differ-
ences that may exist between HYSAS specifications and
those of the aircraft’s true requirements would be classi-
fied as discrepancies.

Failure

A fa ilure is defined as an analyzed deviation in output performance of
the equipment under test from the specification requirements. All
fa ilures are relevant to the reliability calculations except those defined
below as pattern failures or nonrelevant failures .

Pattern Failure

A pattern failure is defined as the occurrence of two or more failures
of the same mode, piece part , or application. If this condition occurs
and if an effective corrective action is defined , only the first of such
failures is considered in the MTBF calculations . This approach for
determining the HYSAS MTBF is reasonable because the equipment
tested was considered to be developmental and not mature production
hardware. V

Nonrelevant Fa ilure V

A nonreleirant failure is defined as a failure which occurs prior to any

recorded flight time; it is consider ed nonrelevant to the HYSAS MTBF
calculations.
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Eight of the exper ienced malfunctions were class if ied as HYSAS failures.
Table 4 is a list of these fa ilures.

TA BLE 4. HYSAS FAILURES

Numbe r of Flight
Ilours/HYSAS HMR No . Failure Descript ion

3.0 B0 20 12 PID “0” ring leak
6. 3 B02008 Amplifier “0” ring leak

29 .5 B020l0 Servoactuator binding before corrective
action

78. 5 B02035 Electroform buildup causing leakage
175. 8 B02024 Amplifier offset due to wax contamination
263. 8 B02033 Servoa ctuator linkage binding - after

correction action
376. 0 B02053 Controller null adjust slipped
590. 0 B020 45 PID arm clevis slipped calibration

When the failures listed in Table 4 are plotted against their individually
accumulated number of flight hours, Figure 37 , an impressive MTBF
growth curve is developed. Specifically, after the first 100 flight hours,
the growth curve illustrates a definite flattening, suggesting that fluidics
should be subjected to a 100-hour manufacture-run-in (MRI) befor e
delivery.

Assuming that each future HYSAS receives a 100-hour MRI , the mea-
sured MTBF between this point on the growth curve and the 399-flight-
hour point can be calculated by:

MTBF - 
[(399- 100) hr/HYSAS] (40 HYSAS’s)

(measured) - (7— 4. 25) Failures

= 4349 hrs MTBF
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Figure 37. Field Measured MTBF Growth Curve.

It should be noted that the 399-flight-hour point on the growth curve is

the average number of flight hours that were accumulated on each
HYSAS.

If each HYSAS is subject to a 100-hour MRI and if the corrective actions
as defined on each HMR in question are 90-percent effective, it is esti-
mated that similar future HYSAS equipment should exhibit MTBF’s on
the order of 43, 000 flight hours .

Because each HYSAS is made up of a servoactuator assembly and a
fluidi c controller assembly, it was found during 6h 

~~~ program how each
of these assemblies performed on an individual i.1 - sis. Also, because
the con troller experienced fluidi c and mechanical component failures, it
was foun d how these types of failures were distribute d, Table 4 shows
that I f t e r  a 100 -hour Mill or during the time we would expect the
43 . 000-hour MTBF , four fa ilures were experienced. The MTBF is
e pport h~r - . s i d to these four hardware failures as follows:
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Controller MTBF/Axj s = 4/ 3  x 43, 000 = 57, 333 hr

Fluidic Component MTBF/Axis = 4 x 43 , 000 / 172,000 hr
Mechanical Component MTBF/Axis = 2 x 43,000 = 86 , 000 hr

Servoactuator MTBF/Ax is = 4 x 43, 000 = 172, 000 hr

The number of failures experienced during this flight test program were
too few to establish accurate MTBF’s at the individual component level.
However, based on the average number of individua l fluidic and mech-
anical components used per axis, the total MTBF’s of these components
were apportioned to the individual component level as follows:

Ind ividua l Fluidic (6x26+5x14+4x40) (172 000 hr)Component MTBF 40

= 1, 660 , 000 hr MTBF

® ® ® ® ® ~~Individual Mechanical 
- ~6x26+3X 14+1X40+5x26+4x26) (86 000 hr)Component MTBF 40

= 1,014,800 hr MTBF

The component MTBFs are based on the following (circled numbers

below correspond to ‘the numbers circled above the equations):

The amplifiers, bellows, and rate sensors are considered
fluidic components.

The operational suitability program used 26 yaw axis con-
trollers, and each yaw axis controller , in turn, employed
fiv e amplifiers and one rate sensor.

The operational suitability program used 14 roll axis
controllers , and each roll axis controller, in turn, em-
ployed f our amplifiers and one rate sensor.

Each of the 40 controllers employed four bellows.

The null/gain adjustments, BIT, PID, and flow control
valves are considered mechanical components.
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Each yaw axis controller employed six mechanical
adjustments.

Each roll axis controller employed three mechanical
adjustments.

Each roll axis and yaw axis controller employs one BIT circuit,
and each BIT circuit is considered to be equivalent, on a
mechanical basis, to a single mechanical adjustment.

Each yaw axis controlie r employs one PID, and each PID, in
turn, is considered to be equivalert, on a mechanical complex-
ity basis , to five mechanical adjustments.

Each yaw axis controller employs one flow control valve, and
each flow control valve, in turn, is considered to be equivalent,
on a mechanical complexity basis , to four mechanical
adjustments.

It should be noted that each of these predicted MTBF’ s assumes that
all correct ive actions defined on each HMR will be incorporated into
future equipment. It should also be noted that nore of these random
failure rate calculations include any wearout effects . Even though
several HYSAS’s have accumulated more than 900 hours, no equipment
wearout effects have been detected .

HYSAS MAINTAINABILITY

During the HYSA S operationa l suitability program, effort was made to
define maintainability characteristics of the HYSAS equipment. Results
indicate that :

Mean time to rep lace a malfunctioning component on the flight
line is

MTTR (Flight Line) = 1. 8 hr
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Mean time to isolate a component fault and repair the HYSAS
at the depot is

MTTR (Depot) = 0. 81 hr

90 percent of all depot repa irs can be accomplished in less
than

M 90th Percentile = 1.27 hrmaxct (Depot)

The way in which these HYSAS maintainability characteristics were
determined is described in this subsection.

HYSAS Maintenance Concept

The HYSAS consists of a single line replaceable unit (LRU) for each
axis of control. At the flight line, all preflight testing was accomplish-
ed by means of built-in test (BIT) . If BIT determined that any of the
HYSAS equipment was not functioning properly, a ground testing cart
was used to isolate the fault. If the failure was verified to HYSAS,

the LRIJ was replaced with an LRU that was known ‘to funct ion within
specification requirements.

Whenever a HYSAS LR’U was removed from the aircraft, it was sent to
the depot for repair . In this case, Honeywell served as the depot . At
Honeywell all incoming HYSAS equipment was installed on a hydraulic
test bench for fa ilure verification and isolation. Once the failure was
verified and isolated , the faulty LRU was repaired by replacement of
the faulty piece part or assembly.
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Mainta inabi~ ‘.ty Measurements Taken

The IIYSAS repair t imes demonstrated at the flight line are given in
Table 5.

TABLE 5. HYSAS CORRECTIVE MAINTENANCE TIME FOR
FLIGH T LINE

Average
Time

Maintenance Task Elements (Minutes)

I. Isolate Problem (Not Usually Required) 6
2. Remove Transmission Cowling and Quick Disconnect 7
3. Remove Drain Tube in Luggage Compartment 5
4. Remove Magnetic Brake and Force Gradient 5
5. Disconnect Pedal Pushrod 2
6. Disconnect Mt Pushrod 2
7. Disconnect Three Hydraulic Hoses 2
8. Disconnect Electrical Connector 1
9. Remove Three Mounting Bolts 5

10. Remove HYSAS and Mount from Aircraft 5
11.Remove and Replace HYSAS on Mount 20
12.Replace HYSA S in Aircraft (Elements Z through 10) 34
13. Check Rigging and Verify Repair 20

Total 114

MTTR (Flight Line ) = 114 minutes or 1. 9 hours

HYSAS depot repairs demonstrated at Honeywell during the Operational
Suitability Program consisted of repairing LRU’s with fau lty:

• Pilot Input Devices (PID)

• Flow Control Valves
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- - • Built-in Test (BIT) Equipment

• Bellows

• Rate Sensors

• Amplifiers

• Mechanical Null/Gain Adjustments

• Servoactuators

Figure 38 is a block diagram of the maintenance tasks performed to
demonstrate these repairs. As indicated, the HYSAS is completely re-
pairable at the depot except for the servoactuators . Servoactuators
were returned to Hydraulic Research Textron (manufacturer) for repair
and servicing. During a full operational program, all HYSAS repairs
could be accomplished at the intermediate level.

Maintenance Math Models

The average maintenance time, M, that is required to maintain a prod-
uct for a specified period is the sum of the preventive and corrective
maintenance times divided by the total number of preventive and correc-
tive maintenance tasks . It is expressed mathematically as

x Mutt) + ~~~~~ x M~t1)
- 

>X F ci~~~
’pi)

where
M = Predicted corrective maintenance time required for the

c I ith element

M 
~~

. = Predicted preventive maintenance time requi-r~ d for the
~ ith element.
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F Correct ive ma intenance task frequency for the ithC element (percent failures per 1000 flight hours).

F = Prevent ive maintenance task frequency for the ithp element (percent actions required per 1000 flight hours).

Because no preventive maintenance actions are anticipated for HYSAS ,
th is relat ionsh ip is reduced to

~~
( F . x M t.)

Mean Time to Repair (MTTR) C 1.

The 90 percentile of the maximum corrective maintenance time
(Mmaxct) is determined by:

n
C

~~~ F .(1nM .)ci cti
90th Percentile (M )=Antilog i=1

max
~’t (Base ) n

a nI c (5)

I “c ~~ F i ( lnM t~
) 2

I ~~~~ 
F~~(if lM t~

)2 
- 

i=1

n - i
C

where -

= 2. 33 (the va lue of the independent variable log-normal
function which corresponds to the 90th percentile point

• Mmax t).

n = Total number of corrective maintenance tasks = ~~~ FC ci
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Prediction Calculations

The various elements exhibited in Equations 4 and 5 were determined
by the techniques given in Table 6. Using these elements in conjunct ion
with Equation (1), the HYSAS MTTR for depot maintenance has been
calculated:

MTTR (D t )  = 
113.014 

= 48. 75 mm or 0.81 hr

Likewise, the HYSAS Mmaxct for intermed iate maintenance has been
determined:

1 (8. 981)2

90th Percentile (M ) = 1n~~ 
8.981 

+ 2 . 33..\j 34. 848—2. 318
(Depot) max

~ t 2.318 2 . 318—1

= 76. 28 mm or 1.27 hr

MEASURED RELIABILITY OF AN EXISTING
ELECTROMECHANICAL HELICOPTER SCAS

The rel iability of the operat iona l suitability equipment and similar

existing electromechanical systems were compared. The Huey Cobra

Gunship was the only vehicle equipped with a SCA S that compares on a
functional basis (vehicle rate detecting/damping, pilot input control,

and built-in test) to Honeywell’s operational suitability equipment. The

service records for these helicopters are located at AVSCOM (St. Louis) .

Three d ifferent recordkeeping systems were employed by AVSCOM.
The first two reporting systems, entitled Management Summary Re-
ports and Flat Rate Manuals , were employed by the Army from 1970
through 1975.
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TA BLE 6. ELEMENTS NEEDED TO CA LCULA TE MTTR
AND M (DEPOT)max

~~
— _____________________— 

(‘orrc et ive 
—

\ ia  r nt en a n ce  l’Oiw - 
r equc ’in-v  ( \ I  ~ ~ - )  I-  l n  U I I ( I n  Si

- I - - ( - - / 10 0 0  t i r )  ( ‘ I i  ci c- i I - t i  ci c t i
— _____________________ 

5t c t i  (n u n )  C I

PI t )  51 0. 325 16. 575 1. 27~ 5 . 024

Flow (‘ontro l  Valve 42 - 0 . 2 6 0  - 10, ( ( 20  0 . 72 -~~. 632

B u i l t — i n  Test 66 0 , 100 6 . 600 0 . 4  I I  1.

Bellows 67 - 0. 240 16 . 080 1. 00! 4 , 243

Ra te  ~pnsor 63 0. 060 3, 780 0. 2 - 4 1 .03

Amp l i f i e r  43 0. 258 1 1 . 0 ( 4  0. “70 3. 550

N u l l / G a i n  A d j u s t m e n t s  43 0. 4 ” 5  21 . 285 1 .862  7 . 003

Servoactuators  46 0. 580 26. 680 2 . 221  8. 502

Totals 2 . 3 1 8  1 13 . 0 1 4  8. ”R1  34, 54 5

Although these reporting systems contained reli ability deficiencies, the
records indicate that the Huey Cobra SCAS should have reached a mature
state of reliability. Basically, these records show that 620 of the gun-
ships have been accumulating on the order of 200, 000 flight hours per
year since 1970. This amounts to more than one million hours to date.

In early 1976 , AVSCOM set up an entirely new, rigorous maintenance
data collection system called Reliability, Availability, Maintainability /
Logistics (RAM/LOG). This data collection system evaluates con-
tractor performance in the areas described by the system’s title.
RAM/LOG has been used in several test cases. One of these was a
flight testing program of an updated Huey Cobra Gunship, the YAH- iS,
during the summer of 1976 at Fort Rucker. A lthough this aircraft con-
tam ed severa l new features, the SCAS remained unchanged from pre-
vious aIrcraft . RAM/LOG indicated that the YAH-1S SCA S experienced
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22 maintenance actions, 13 chargeable fa ilures, and 7 mission aborts
V 

during 600 fl ight hours. Reasons ranged from electronic circuit fail-
ures to gyro sensor failures. Based on thi s data , estimates of the

V Huey Cobra’s SCAS mean time between unit removals (MTBUB) and
mean time between failures (MTBF ) are calculated:

MTBUR - 
Total Flight Hours

- Total Maintenance Actions

V 
- 

6 0 0 x 3 a x i s
— 22

82 Flight Hours

MTBF - Total Flight Hours
V 

- Total Failures

- 
60 0x 3 a x i s

- 13

F 139 Flight Hours

These estimates were made on a per axis basis to be compatible with
V 

the reliability methods being used on the HYSA S Operational Suitability
Program.

PREDICTED RELIABILITY OF AN ELECTROMECHANICAL
HELICOPTER SCAS

A reliability prediction for an electromechanical three axis SCA S that
is intended for use in modern helicopters is provided in Table 7 . On a
per axis basis , this equipment would exhibit a fa ilur e rate of (89 . 348%/
1000 hr 4- 3) = 29. 783% and a resulting MTBF of 3, 360 hours. This V

MTBF is contingent on the use of military level part s, a full qualifica-
tion program, and an MRI on all assembled equipment before it is
delivered to the customer.
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TABLE 7. ELECTROMECHANICAL THR EE-AXI S SCA S RELIABILIIY PREDICTION

Failure Quantity N ~Part Type Rate , ~ Per lot ,a,-~ ~.(% / 1000 hr) SAS (N> ~

Capacitor , ceramic 0. 003 63 0. 189

Capacitor , wet slug 0. 043 21 0. 903

Capacitor, solid tantulum 0. 020 25 0. 500

Choke 0. 013 3 0. 039

Connector 0. 070 15 1. 050

Diode 0. 009 94 0. 846

Integrated Circuit 0. 100 96 9. 600

Printed Circuit Board 0. 010 9 0. 090

Relay 0. 116 9 1.044

Resistor , Carbon Comp . 0. 001 114 0. 114

Resistor, Film 0. 005 301 1. 505

Resistor, Wire Wound 0. 010 8 0. 080

Transformer, Power 0. 145 1 0. 145

Transistor, Signal 0. 013 49 0. 637

Transistor , Power 0. 071 6 0 .426

Transistor, FET 0.015 12 0.180

LVDT 1.000 3 3. 000

Rate Gyro (includes gyro wearout) 20. 000 3 60 . 000

Servoactuator and Va lve 3. 000 3 9. 000

Total Failure Rate 89. 348

95

_ _ _ _ _



V- V- V ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

RELIABILITY COMPA RISONS BETWEEN THE HYSAS AND
ELECTROMECHANICAL HELICOPTER SCAS

The demonstrated MTBF for the HYSAS was 4, 349 hours; the projected
MTBF is 43, 000 hours , Two completely different methods were used
to compare the reliability of the HYSAS with an equivalent electro-
mechanica l SCAS.

Measured reliability of the Huey Cobra SCA S was calculated to be 139

— 
flight hours per axis using AVSCOM’s new RAM/LOG maintenance data
collection system. This reliability figure is much too low to be con-
sidered representative of a typical electromechanical SCA S in a pro-
gram employing comprehensive reliability practices . Factors that may
have caused this unrealistic reliability calculation are as follows:

• The YAH-1S SCA S may be sufficiently different from pre-
viou s SCA S systems to make it “ immature hardware” (i . e.,
reports that the YAH— 1S SCA S is unchanged from previous
SCAS systems may be in error).

• The Huey Cobra SCA S (all models) may not be controlled
under a comprehensive reliability program that includes
items such as: (1) fai lure reporting and mandatory correc-
tive action, and (2) a factory burn-in of all production
systems.

• RAM/LOG may always yield lower reliability data than
the previous reporting systems.
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It was beyond the scope of this program to investigate these factors to
determine the caus e of the unrepresentative data for the Cobra SCAS;
however , an add itional analysis was performed to calculate the reli-
ability of a typical electromechanical SCAS using the same ground rules
that were applied to the HYSAS (i . e., developed in conjunction with a
comprehensive reliability program).

Reliability of a single axis of an electromechanical SCA S was calculated
using estab lished failure rates for each of its components. This calcu-
lated MTBF of 3, 360 hours per axis should be compared with the
43, 000-hour MTBF of the HYSAS. The difference is attributed to the
electromechanical rat e gyro, which makes up 67 percent of the electro-
mechanica l fa i lure rate. This weak area of the electromechanical sys-
tern is the most reliable area of the HYSAS , as the hydrofluj die vortex
rate sensor is about as reliable as a single-stage fluid amplifier.
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SECTION VI
CONC L IJSIONS

• The reliability of the HYSA S is substant ially better than that of an
equivalent electromechanical SCAS. Demonstrated MTBF for the
HYSAS was 4 , 349 hours , and this MTBF Is projected to be 43, 000

hours If the required corrective act ions are Implemented in a future
program. Projected reliability for a simila r electronic SCAS Is
3, 360 hours If a comprehensiv e reliability program is used. Burn-
in of all units as well as a failur e reporting system with associated
correctiv e actions Is required to obtain this projected electronic
SCAS reliabi lity.

• The reliability and maintainability advantage demonstrated on
this program makes flu idics a clear choice for applica~ ons
of similar complexity.

• Failure rates for conventional moving part rate gyros are greater
than those of a complete fluidic controller. Indications are that the
fluidic controller will not wear out over the life of the aircraft .

• Military maintenance personnel are fully capable of maintaining
the fluldic systems used In this program.

• An electronic test set Is not required for maintenance; no special
tools are required.

• HYSAS operate satisfactorily using the existing aircraft hydraulic
supplies.

1 ~ ~31.7
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