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PREFACE [ -

HR was given RFP No. DAAHOI-83-R-0186, 1.25 Inch Diameter Actuator,

o 1]

2. containing Technical Requirement R0074 and responded with Proposal ..
& SEMG-WP-103-138T. This resulted in the award of Contract No. “
B DAAHOI-SS-C-OQQQ\containing Attachment I, Technical Requirement ..:'.
RO074 unchanged. “~The 1.25 Inch Diameter Actuator is intended to l:’:

control air vanes of a hyper velocity missile containing no

. warhead but designed to penetrate armored vehicles (tanks, etc.). . ‘,{
:;:." The Phase I report delineates the HR response to the Technical ' "‘
At Requirement R0O074. This final report presents the performance 4:"
?3 data obtained through development testing. This data demon- 1:'
., strates compliance with the aforementioned requirements. .
"a o 'e-
'Q.‘ A solenoid spec was written and presented to Orshansky. They :\r
manufactured solenoid valves built to this Spec. A preliminary ”'\
E test procedure was prepared to test the components and system. _
' Preliminary actuator drawings were completed and given to the -
;':: model shop for fabrication. Preliminary electronic drawings )
e were given to EPG of a previously designed and manufactured two “ )
chaanel PWM controller. This controller was modified for &
g intended use, E:f
:} The HR design effort encompassed the actuators, gas/hydraulic ‘5_'
. power source, control electronics, actuator/air vane interface, f
.\: output shaft seal design, assembly sequence and math model of ‘_:_
~ system. The actuator, as mentioned previously, is hydraulic and :‘
o~ is a dual, inline, configuration with one piston driving through .r::
f the other. The piston assemblies are attached to the air vane b
v shafts through linkage and shaft assemblies. The gas/hydraulic :_‘:"
:; power source consists of a gas bottle, squib valves, regulator .‘_}.
valve, o0il supply and burst diaphragm. -
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- The control electronics are pulse width modulation driving sole- W
.

qr noid valves that control flow into and from the actuator, The v
Rx actuator/air vane interface is comprised of; the linkage that 'j
’5 connects the actuator to the output shafts, the output shaft e
&h and the air vane attachment to the shafts. The output shaft :
.

seal must protect the interior of the missile control section t;

gz from the thermal environment created by external air flow N

friction and the four boost motors (5700°F). The assembly
sequence accomplishes the installation of all the aforementioned

- "

components/assemblies into the 18" length by 1.25 inch diameter

-

cylinder.

A

-

The load/test fixture demonstrates how the actuator shall be

A

mounted in the missile and permits convenient, loaded testing
of the actuator.

The math model was used to substantiate predicted system

performance.
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1.0 SUMMARY
HR Textron Inc. had gained experience directly applicable
to the 1,25 inch diameter actuator program, as a result of
in-house research and development (analytical, and hard-
ware studies). HR Textron Inc. then applied this back-
ground experience to conceptual designs of two potential
actuation systems that satisfy the requirements of the
1.25 inch diameter actuator. This background experience
reduced the risk of designing, building, and developing
the actuators and loop closure electronics,
A summary of the Phase I effort is defined as follows:
HR Textron Inc. proposed two potential concepts to
satisfy the requirements of the 1.25 inch diameter
actuator. The concepts were a pneumatic actuation
system and a hydraulic actuation system, and are shown
in Figures 1-1 and 1-2.
System sizing and dynamic analysis were conducted to
prove the feasibility of both concepts.
A trade off study was conducted and the optimum system
selected based on performance, cost, weight, volume,
and complexity.
The system chosen was the hydraulic actuation system.
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Q)
ﬁ L& The selected design concept was utilized to make
Q . preliminary designs of a dual actuator and a two axis
iy ot .
! ::., control system. ,
A EJ A hardware availability study indicated which compo-
A e nents were off-the-shelf and which components must be
>ty developed. '
X <

, Experience gained from a study on pulse width modu- .
N, !
ﬁ A lated loop closure electronics was used as a basis for ‘

», {
o the preliminary design of the electronics. The com-

i

o

, ponents selected during the preliminary design effort

have the capability to be miniaturized.

S A R e, o
‘y
A

4
S Two load fixture design concepts were evaluated and ]
g the best concept used as the basis for the load fix-
{
- ‘; ture preliminary design. \
.'.. 4
{ -d .
Ty A summary of the Phase II effort is defined as follows:
Lo
5 Eﬁ The breadboard loop closure. electronics were designed,
! e ] .
~j - fabricate?, and tested. A packaging study for the two
" . ) .
Y axis loop closure electronics was accomplished.
¥ '
- A dual actuator was designed, fabricated, and develop-
R ment tested. A two axis control section design study 3
. was accomplished.
. ‘-
PR
A load fixture was designed, fabricated, and tested. ;
- .
e . ;
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Design verification tests were conducted on the single “;
actuator with the required loads applied by the load ’:
fixture. J
[N
HR Textron Inc.'s nonlinear dynamic model of the ’
"I
single actuator was simplified and correlated with the P,
design verification results, %
“
v
o)
2.0 INTRODUCTION o
"
2.1 Program Objectives A
B}
The program defined in the RFP is a two phase effort. The 32
te
objectives of the two phases are as follows: N
.
)
Phase I - Perform preliminary design of the actua- 3
tor, control section concept, and the ,*'
electrical driving circuits. 5:.
=
. v \ 4
Phase II - Perform detailed design, fabrication, and ;
delivery of one prototype actuator with e
breadboard operating circuits and appro- ki
priate load stand. fﬁ
r:':
2.2 Proposed Solution to the Stated Problem Y
o
b
HR Textron Inc. proposed to evaluate two potential control :'
actuation system concepts. The concepts are a pneumatic 29
actuation system and a hydraulic actuation system. g%
o
AL
v..\
t‘.\
1'(\ \
NS
v
A
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From Figures 1-1 and 1-2 it can be seen that both concepts
can be packaged in the required envelope (1.25 inch inside
diameter and 18 inches long). Both concepts have a maxi-
mum displacement between the pitch and yaw axis of zero
(0) inches. The designs permit passage of three (3) num-
ber 28 gage shielded wires through the control section.

A trade-off study was conducted and the optimum system
selected based on performance, volume, cost, weight, and
complexity.

The risk of accomplishing the 1.25 inch diameter actuator
program was reduced due to the technical work accomplished
by HR Textron Inc. during in-house research and develop-
ment studies.

3.0 DESCRIPTION OF THE CONCEPTS AND THEORY OF OPERATION
This section contains the concept descriptions and theory
of operation for the pneumatic actuation system and the
hydraulic actuation system. The descriptions are as

follows:

3.1 Pneumatic Actuation System Theory of Operation

The pneumatic actuation system is a low cost precision
control system, The system is comprised of two (2)
actuators, four (4) solenoid valves, two (2) linear poten-
tiometers, a helium or nitrogen gas bottle, pressure

regulator valve, a squib valve, a pressure relief valve,
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E loop closure electronics, and associated linkages and Pyt
. shafts, Figure 3-1 shows a schematic of the pneumatic .‘.
:i' actuation system and Figure 1-1 shows the installation of .:::
the pneumatic actuation system in the control section y
ESI envelope. The system is designed to provide air vane con- ~3
i trol. The operation of the pneumatic actuation system is ".:
| as follows: :E
.‘i =
. An electrical signal to the squib valve ignites its explo- :
u;i sive charge which in turn drives a piston that shears open ’r‘_
the gas bottle outlet port. Helium gas is expelled from t.'
£ the gas bottle at 8,000 psi (6,000 psi for nitrogen), and e
s is reduced to 1800 psi (system supply pressure) by the
§ regulator valve. The 1800 psi gas is available on demand j:';}‘
3. by the solenoid valve driven actuators. *:‘
H The solenoid valves and actuator perform like a conven- N
T tional "three way valve and double-area actuation system." :”
‘ The double-acting piston is used to drive the air vanes. ;:
The rod end of the piston has an effective area of only g
- half of the head end side and is subjected to the full A
! supply pressure (1800 psi) at all times (see Figure 3-1). \
:;.‘ If the command signal opens the extend solenoid valve, E:
=~ supply pressure enters the head end side of the actuator Y
and the piston extends against the air vane load because EN.
,:C:n of the large area of the head end side of the piston. If ‘r\_
the command signal opens the exit solenocid valve, gas is .'_:::
':::1 allowed to escape and the piston is retracted by the sup- :::f:
{ ply pressure acting on the rod end of the piston. N
% %
o
y 3
-— %
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The pneumatic actuator responds to command position and
position feedback signals. These signals are compared and
the resulting error is converted to a pulse width modu-
lated signal. A linear potentiometer senses piston posi-
tion and provides the feedback signal to close the loop
(see Figure 3-2). Rate and acceleration feedback are
derived by means of passive derivative networks and opera-
tional amplifiers. The rate of feedback is used to pro-
vide additional stability while the acceleration feedback
improves the stiffness. A block diagram of the loop clo-

sure electronics is shown in Figure 3-3.

3.2 Hydraulic Actuator System Theory of Operation
Figure 3-4 shows a schematic of the hydraulic actuation
system and Figure 1-2 shows the installation of the
hydraulic actuation system in the control section
envelope. The differences between the pneumatic actuation
system and the hydraulic actuation system are as follows:
Hydraulic fluid is the fluid medium
Supply pressure is 2500 psi
Only position feedback is required. {(aAadditional com-
pensation for stability and stiffness are not
required.)
The use of hydraulic fluid creates a need for a fluid
reservoir. A burst diaphragm is used to contain hydraulic
fluid in the system prior to system activation. The oper-
ation of the hydraulic actuation system is identical to
the operation defined for the pneumatic actuation system.
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-

»
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-

A ]
‘: g 4.0 TECHNICAL APPROACH
i
P ‘.-'*’
i 5; A cross reference between the specification (Attachment I,
) g
"o Technical Requirement R-0074) and this report is shown in
T Table 4-1.
S
>
e The intent of this section is twofold:
Ra -
» G
" . To demonstrate the technical feasibility of the two actua-
0 5 )
h c\, tion system concepts.
“' €
b o
o ;ﬂ To define the system analyses, design, and design verifi-
| . . :
;{ cation testing that must be accomplished on the selected
w
L X1 actuation system during Phase I and Phase II of the
N 1'-‘1
? N program,
. !Ij System sizing analyses and system dynamic analyses were
A\
x: v accomplished on both actuation system concepts. As shown
LT
g below these analyses prove the feasibility of both
\: o)
>, concepts.
G
RN . . .
IR 4.1 1.25 Inch Diameter Actuation and Load Fixture
- Design Requirements
Y The design requirements for the 1.25 inch diameter
AR actuator and load fixture are as follows:
e r
» .
'J
SR o Bandwidth; 25 Hz, or greater, when loaded at
¢ 6.67 in-1b/deg per axis and input signal level of
" o
": .-.' i2n5 .
,, 7,
v, 7
2 o No load slew rate, 400°/sec minimum.
o, o
v
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Table 4-1. Cross Reference

Specification
Paragraph Number Proposal Paragraph Number

SECTION III
3.1

4.2.1, 4.2.2.3
4.2.1.3, 4.2.2.3

4.2.1.3, 4.2.2.3

4.2.4

4,2.1.1.3, 4.2.2.1.4, 4.2.2.1.2
4.2.2.1.2 '

4.3.5.2, 4.3.5.1

4.2.5

4.2.5

4.2.1.3, 4.2.2.3

4.2.1.3, 4.2.2.3

4.2.6

4.2.1, 4.2.2.2

4.2.3

3.1.1
3.1.2
3.1.3
3.1.4
3.1.5
3.1.6
3.1.7
3.1.8
3.1.9

4.3.1, 4.3.2, 4.3.2.1, 4.3.2.2, 4.3.2.3
4.3.5, 4.3.5.1, 4.3.5.2, 4.3.5.3
4.3.3.3, 4.3.3.4

4.3.2.4

4.3.7.1

4.3.2.5
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4 Table 4-1. Cross Reference (Continued) ;:
vy
't-, 2
k:'_ Specification o
X Paragraph Number Proposal Paragraph Number
el \
-‘.l L")
SECTION 1V -
S
o
'l_\ -.\
e 4.1.a 4.2.1.2, 4.2.2.2.2 o
4.1.b 4.2.1.2, 4.2.2.2.1 A
ﬁ' 4.1.c 4.2.1.1, 4.2.2.1.1 :
4.1.4 4.2.1.1, 4.2.2.1.1 oy
i ]
i 4.1.e 4.2.1.2, 4.2.2.2.2 I
. 4.1.f 4.2.1.2, 4.2.2.2.2 !,
rag 4.1.g 4.2.5 o
J " ]
gi. 4.1.h 4.2.1.7, 4.2.2.2.4 N
(]
) 4.1.1 4,2.1.1.3, 4.2.1.2.6, 4.2.2.1.3, N
az 4.2.2.1.4, 4.2.2.2.6
A 4.1.3 4.2.1.2.6, 4.2.2.2.6 C:
= 4.1.k 4.2.1.3, 4.2.2.3 o~
%
ol 4.1.1 4.2.1.3, 4.2.2.3 ;:
4nlnm 4-2.103' 402.2-3 ;
? ~
b, 4.1.n 4.3.4 X
ﬂ\
.\
3 SECTION V 4
b LS
s a2
]
~ 5.1 4.3.4, 4.3.7 7o
;:'l ’ :"f\
a® V‘\
SECTION VI had
I_' k.\
" v
: [ ]
6.1 4.2.7 Lo
~ N
S 6.2 4.3.8
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P
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s ..
W o Stall torque; 150 inch-pounds per axis desired and ;.C
. . . Y
| 100 inch-pounds per axis required. :)-y
A b
%

[}
]

o Deflection; £15°

Ly

o} Vane inertia; 1.24 x 10~% 1b—in/sec2 each or
“1 2.48 x 1074 1b-in/sec2/axis.

~

-«

o Nominal load; 6.67 inch-pounds per degree per axis.

.
A

w. b
",

o Panel loads; as shown in Figure 4-1. N

!
b o} Maximum hysteresis and static position error as shown 5
g in Figure 4-2. )
o D
S

ﬁr o Time of operation; 5 seconds. R
" ",
"

) o Duty cycle (each axis): x15° at 2 Hz for 1.0 sec :"'-
- -
i (2 cycles) e
™

* +3° at 10 Hz for 3.0 sec N
N >
- (30 cyles) :;;
N ot
o ' o ot
- £15- at 2 Hz for 1.0 sec >
.. (2 cycles) .!-
N N
- r A
o Diameter; 1.25 inches maximum, o

g a
e o
‘ o Length; 7.0 inches maximum (one actuator) L
18.0 inches maximum (2 axis control section)
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o} Weight; 2.0 pounds per actuator.

4.5 pounds per 2 axis control section.
o) Power; 28 volts DC maximum at 10 amps maximum current.

Assembly of the system into the missile is accomplished in :
the same manner as that employed by the hydraulic system.

Tests on both the hydraulic and pneumatic systems may be ]
performed before assembly into the missile.

4.,1.1 Load Fixture Preliminary Design !

The 1.25 Inch Actuator load fixture design incorporates
three types of loading. The load fixture will consist of
a base for mounting, the test actuator, and a torsional,
inertial, and radial load module which will attach
directly to the test actuator. A dc pot attached to the
base and connected to the rotating part of the torsion
spring will be used to measure control surface shaft rota-
tion angle. The modular design will enable all four con-
trol surface shafts to be loaded by attaching four load |
modules. A layout of the fixture base with two load 5
modules attached to the test actuator are shown in

Figure 4-3.
The three loads are summarized as follows:

Torsional Load. The required load is 6.67 in-lbs/deg
for each axis with a rotational angle of +15°, There
are two load modules per axis so each load module tor- \

sion spring will have a spring rate of 3.33 in-1lbs/deg
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Py
®
h for +15° rotation. The torsion spring was sized based N,
. ~
on 100,000 psi stress at full load of 50 in-lbs. The :"
Ya . . . . . -
;-;.: torsion spring diameter becomes 0.137 inch., To obtain f,:
4 the required length the formula P
-y y
-, N
o Y
' e = 585 TL o™
4
i Gd E\
where '
.~'\' g
3 R
i o
8 = 15 degrees ;
pol G = 10 x 10% 1bs/in.2
T = 50 in.-1bs S
- = "
tﬁ, d 0.137 N
> 0 -:' J
ﬂj L becomes 1.99 inches. The initial torsion shaft N
.t diameter will be 0.140 inches and rate tests con- ,ir
T ducted to determine the final torsion shaft diameter. :
- "y
- Radial Load. The control surface drag and lift loads R
» were combined to obtain a total radial load of
~
- 106 1bs at 0.80 inch from housing per control sur- T
),
. face. Each load module will apply 160 lbs 0.8 inch NG
i n
. from test actuator housing shaft bearing. The load o~
will be applied with a compression spring rated at .
Ly “
<o 120 1bs per inch and compressed 0.89 inches. The 1load ::-_
'L. r‘.
will be reacted on a bearing pressed on the inertia :.\
j-;fl weight section of the torsion spring. The spring '::
) module is shown in Figure 4-4. s
.J_:v
[a :'r':
! N
~ s
Ny
; ~
I ~
- .
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]
g Inertia Load. The inertia load requirement is

2.48 x 1074 1bs-in/sec? per axis., There are two load

™
5? modules per axis so each load module will include
- 1.24 x 1074 lb-in/sec2 inertia. The inertia was cal-
T culated based on two solid cylinders
<
:3' I = 7 rima
N
oy : : L
gQ, and a hollow circular cylinder (the bearing inner

race)

q The inertia of the pin for measuring shaft angle was
-~ also included. The 0.D. of the rotating section of

the torsion shaft was sized so the total inertia was
oy 1.24 x 10”% 1bs-in/sec?. The inertia/torsion shaft

and mount are shown in Figure 4-5.

4.1.2 Phase 1 Deliverable Items

- This report delineates the work that was accomplished to
-, satisfy the Phase I objectives of the 1.25 Inch Diameter

i Actuator Program,

st Performance analyses {actuator static stiffness analyses

and the effects of applied load on the control loop posi-

f; tion error) were conducted to determine the hysteresis
’I

: and static position error of the pneumatic and hydraulic
(- actuation system. It was found from these analyses that
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the hysteresis and static position error design require-
ment dictated the selection of the optimum actuation
system. The results of the analyses indicated that the
hydraulic system is the optimum concept.

Design analyses required to accomplish the preliminary

design effort are as follows:

Flow vs. Pressure Drop Analysis

Thermal Analysis

Actuator/Control Surface Interface Finite Element

Analysis

Pressure Regulator Valve Sizing and performance

Analyses

Electrical Power Usage Analysis

Trade-Off Study

HR Textron proposed two (2) potential control actuation
system concepts to satisfy the requirements of the 1.25
Inch Diameter Actuator. The concepts are a pneumatic
actuation system and a hydraulic actuation system,
System sizing and dynamic performance analyses were con-
ducted to prove the feasibility of both concepts. Addi-
tional analyses were accomplished during Phase I of the

program to aid in the selection of the optimum concept.
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It was found that the design requirement that dictated
the selection of the optimum concept is the maximum
hysteresis and static position error requirement defined
in Figure 4-~2,

In order to show compliance of the pneumatic actuation
system with the requirement defined in Figure 4-2, two
analyses were conducted. The first analysis was a pneu-
matic actuation static stiffness analysis. The results
of this analysis showed that the pneumatic system has a
very low static stiffness., The second analysis was con-
ducted utilizing the nonlinear dynamic model and applying
a zero signal command to the control loop while applying
a 160 pound load at 10 Hz to the control surface. The
results of this analysis is shown in Figure 4-6. From
Figure 4-6 it can be seen that the position error of the
pneumatic actuation system, dictated by its low stiff-

ness, exceeded the static position error requirement.

Based on the above defined analyses and the hydraulic
actuator static stiffness analysis, hydraulic actuation

system was selected as the optimum system.

During the design effort delineated in paragraph 4.1, the
design of the passages and changes in the moment arm
lengths required that the system sizing analysis be
updated. The results of the sizing analysis is shown in

Figure 4-7.
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1
;y g; 4.1.4 System Preliminary Design
W
2
A )
o ;f This section delineates the preliminary design of the
! dual actuator and the control section. Also described in
: o this section are design analyses accomplished to define
,' s operational requirements and to select design dimensions
e and values.,
N
=
53 - 4.1.5 Dual Actuator Design
8
?
YR
K The preliminary design of the dual actuator is shown in Fig-
& Bﬂ ure 4-8. The hydraulic schematic is shown in Figure 4-9,

TN AIKR

ol 4.1.6 Control Section Design

N A preliminary design of the control section concept is
" i}i shown in Figure 4-10. :
v,
;': -,_’
~ }; At the end of Phase I, the following items were
A delivered:
4
g "f.'
-: o a. Preliminary design, including analysis, of an
f
¥ actuator to meet the requirements of this document.
r
Nd
; . b. Preliminary layout for a two (2) axis control section
o~ .
. QH concept utilizing the proposed actuator(s). A
N !
1, A :
{ ;:l c. Preliminary layout of appropriate electrical circuits
" for operating the proposed actuator(s).
L4
o -
1 vt
7 N d. Preliminary layout of mounting fixture and load stand
ﬁ - for testing the proposed actuator.
A "
[} = :
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4.1.7

4.1.9.2

Phase II1 - Detailed Design, Fabrication, and

Development

During Phase II of the program analysis, detail design,
fabrication, and development testing was accomplished on
a two-axis prototype actuator and breadboard loop closure
electronics. Analysis, design, fabrication, and testing
was accomplished on a load fixture, The results of the

design verification testing are documented.

Update the Design Requirements

Phase I design requirements were re-evaluated to ensure

that they met all of the customer's requirements.

Two Axis Design, Analysis, and Fabrication

Update Actuator Dynamic Analysis

If any of the design requirements evaluated were changed,
then the analyses affected by the design requirements
were updated.

Two~Axis Actuator Detailed Design

In order to assure that all of the potential design
problems associ :ted with the selected concept are
addressed, HR Textron Inc. designed an actuator to fit
the 1,25 inch diameter envlope, but packaged in a test
block. The solenoid valve manifold is an integral pack-

age with the actuator as shown in Figures 1-1 and 1-2.
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NG 4.1.9.3 Solenoid Valve and Potentiometer Procurement t
; ]
| ‘j«r— . :
:U 4.1.9.3.1 Solenoid valve Procurement N,
P +
X The preliminary work accomplished by Orshansky Division Bore
N BMK, Inc. was used to manufacture the solenoid valve, as N,
e : defined in Figure 4-11. Existing solenoid valve configu- {
- rations were miniaturized and development testing

accomplished.,

e
ER s

4.1.9.3.2 Potentiometer Procurement

a1

_b: ..~
. : . . |
The potentiometer is a state of the art device that was A

-,

1 procured as an off-the-shelf item. S
:T-i‘ :J‘
C

4.1.10 Loop Closure Electronics Design, Analysis, 4

w;: Fabrication, and Testing ‘
0

o . . . G

o 4.1.10.1 Loop Closure Electronics Design and Analysis E
Ng )
- Based on the results of the Phase I effort, an analysis [ ]
¥ of the loop closure electronics was performed and the -
results used to produce the circuit design. \;:
s %
One result of this effort was an estimate of the elec- E

- . . . . -
trical power requirements for both a single axis system i

"
«
A

and a dual axis system,

(oA i 1‘\1"\-“- ¥
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4.1.10.2 Loop Closure Electronics Breadboard Fabrication

The design established in Paragraph 4.1.10.1 above was
implemented as a breadboard model capable of performing
all the required functions,

4.1.10.3 Loop Closure Electronics Acceptance Tests

The breadboard model was subjected to the following
acceptance tests.

Voltage/current gain
Frequency response
Zero offset

Gain accuracy
Linearity

Input power regulation
Command I/0

These tests were performed under laboratory environment,

4.1.10.4 ILoop Closure Electronics Packaging Study

& Sk GRS L Wl h

A study was undertaken to optimize the space configura-
tion, employing miniaturization techniques as required,
in order to insure compatibility of the space require-

ments and the available envelope.

PAGE NO.
CE-WP-260-587/2 36

PAGE REVISION LETTER

3% Py '-"-.' ¥ -L'J"','\.‘ »7, \.\.}' ¥ \J_\'\\'NW B " J.'-‘ oy '.-,‘\ *\. >N 'VJ,\ " ™ LY -P‘ }'\.' NI AT AT ' J_._‘\'.:.';..’*. > . e e

Ly MG I



e W W A T Y o W L W AW L a W a W W R, O W WINPT, VAN AR D A0 ¢ A

B
-'1‘

".' ] =3 7= i;:;; ina‘ I DOCUMENT NO. HR 73300162

1" HR TEXTRON INC
':: e A SUBSIDIARY OF TEXTRON INC
) t- 25200 WEST RYE CANYON ROAD o vALENCIA CALIFURNIA 91355 3990
::: v 805, 2594030 ¢ TWX 910336 1438 » TELEXA 65 1392
e
y .
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O 4.1.11 Two Axis Actuator U.velopment Test .
'ty
2
: by A development test procedure was written for the testing
of the actuators. These tests were conducted on the

i 2 L.
N actuators under loaded and no-load conditions.
b N
!
'.' :'.f‘ Friction tests of the actuators were conducted to deter-
' o mine running and break out friction.
;q 1}"

L]
R e A slew rate test of the actuators was conducted., A
i
) . square wave command of 175 percent of full stroke was
4
3 " applied and both the extend and retract rates were
& measured.
b he)
I
. A closed~loop frequency response for the actuators was

EI‘ conducted. The actuators were tested with a command of
R £2.5°, ;
L' . !
NS
| :‘j, A test to determine the accuracy and linearity of the
=y system was conducted. Results are presented in Sec-

b;, tion 5.0. \
# Nt
.? w 4.1.12 Load Fixture Design, Analysis, Fabrication, and
2 }\:! Testing
l:l '\ . - . .
- f:'_-. The load fixture is a mechanical system which will '
- provide the specified resistive torques to the actuator, :
DR Forces must also be applied which will result in the the
P L]

’ same bearing loading as for the air vane.

~f
Y d
:c v

—
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A detailed layout of the load fixture was made from the

'

Phase 1 load fixture preliminary layout., Sizing analyses

A o,

were conducted to define the required load spring rate.

A finite element analysis was conducted to assure that no

ﬁ' load fixture structural frequencies exist in the actuator

T bandwidth.

%o

% The load fixture was fabricated from the detailed layout.

gr . 7
Y Design verification tests were conducted on the load ‘:
o fixture to assure that the load fixture as designed will “:’i:?'

apply the correct load to the single actuator.

.

The fixture was tested in the following ways:

.’? A
Y Yy
£

.r.‘
m' a. Steady state loads vs. angle position were i
2 determined. ~
-.'
:l‘. t
= ) N
oy b. The dynamic loads were determined up to 25 Hz. I~
v $
- 4.1.13 Two-Axis Actuator Design Verification Test ]
.n.’l :.-
s
E\\ The prototype actuator was tested with the load fixture. {‘_-‘
4 ‘v
' The objects of these tests are to show the compliance ';"'
with the specificiation. A detail test procedure was P
::j:' written and the actuator was tested with the specified '_:-;"'
load as follows: o
~ o
~ 1
: ®
a. Slew rate NN
\ e
N b. Frequency response A
“ 5
: C. Step response ,2
)
.r_ d. Accuracy and linearity r
v N
.y
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4.1.14 Computer Program a7
N
“
O ] :\-
::. As previously indicated, HR has a very complete nonlinear ;',:.
system simulation program, pd
' oy
Y 3
> This program was simplified, correlated with test data D
o~ and is included as one of the deliverable items listed :\-"
o
$OF below.
Vi ;\'
E 4.1.15 Phase II Deliverable Items c~
NE , _ .;.
» At the end of Phase 11, the following items were !
) delivered: a
v, ‘::
' .’, .‘I’ 3
l a. One (1) prototype actuator capable of meeting the i
A
Yy performance specified in the technical requirement, ¥
by 5 complete with breadboarded operating circuits and
. appropriate load/test stand, and one each spare part __\
o . . o
) of the feedback pot, bearings, and seal as required.
' ;" d
ol b. One (1) set of detail drawings, with parts list, of ¢
~ the prototype actuator and load/test stand. e
> e
o c. One (1) set of drawings of the electrical driving )
circuits including a mathematic model, schematic .~
o "y
- diagrams, wiring codes, etc., as required to operate "n
LY . r o,
the actuator(s) from a government-furnished power f.'-
Ca
i) -~
- source, g
.)".
- d. oOne (1) updated detailed layout for a two (2) axis 0
n control section utilizing the delivered prototype C_‘;-:
S
_ actuator desijgn. :’
!\
—— K2 0
o~
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One (1) layout of how the electrical operating cir-
cuits would package into a 1.25 inch inside diameter

cylinder.

One (1) procedure for safely starting, operating, and
stopping the operaticn of the prototype actuator.

One (1) final report, and other documentation, as

defined in Section VII,.

TEST RESULTS

The objective of the test program was to show performance
meeting the requirements of specification Technical
Requirement R0074. The figures presented herein demon-

strate compliance with these requirements.

A secondary purpose of this prongram has been to prove the
worth of a pseudo digital control for a hydraulic (or
pneumatic} actuation system, These same figures show
little or no deterioration in waveform, amplitude, phase,
or accuracy due to the pulse width modulation (PWM)/

solenoid mechanization.

Il lany

L

Static Accuracy

WAL

‘l
nfe)s,

Static accuracy for channels X and Y are shown in Figures

.

5-1 and 5-2. The accuracy is within the required toler-

ance (10.5o at zero command and +1.5° at $15° command).

The PWM "steps" have little affect upon the waveform,

N W HNX

TR
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N 5.2 Hysteresis ".:
I',\.-

A

3 . . :
™ Hysteresis plots shown in Figures 5-3 and 5-4 demonstrate ot
. compliance to specification (same tolerance as static Y
a‘ accuracy). N
! \.F

+ .\,f
I\j
:Sy 5.3 Slew Rate :':_.,
N i
a2y The slew rates for channel X are shown in Figures 5-5 o
~ S
f.\; and 5-6. The slew rates for channel Y are shown in '}}_

hd ‘
W,
Figures 5-7 and 5-8. The slew rates range between -::
L |

.-"  500° per second and 1000° per second for a full-scale S‘
command (+14° to £14°). specification requirements is :‘
%! 400°/second. ;2
“d. e
.-’
o

ET 5.4 Output Waveforms L.
1. N
e

o Figures 5-9 through 5-24 depict actuator output waveforms :-;
ot . .q'.
:'_ tor both the X and Y axes actuators. The demonstration N
frequencies chosen are 0.1, 1, 10, and 25 Hz. The .
e amplitudes shown are t7.5 Vdc (£14°) and £1.33 vdc e
Ny o e
(£2.5%), o
"_’
'\‘ '::’
N ]
' Full-scale (large signal) commands are shown in Figures :
- 5-9 through 5-16. The gain and phase responses are oF
- "
'_-:I graphiclaly shown as the fregquency is varied from 0.1 Hz \:'_
to 25 Hz. It should be noted that the actuator 1is slew :‘:';
-~y ".
%, rate limited above approximately 10 Hz. e
‘;: The next series of waveforms are run with small signal '._-j.
v commands (+1.33 vdc, 22.5°). (Figures 5-17 through ._':‘,
5-24.)
! y
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Worthy of note in these plots are the PWM/solenoid steps
that appear at the 1 Hz command and become predominant at

10 Hz and above. The amplitude response {(gain) is

e

constant out to 25 Hz. The phase lag is quite small at

[ [P~
";' 25 Hz. o
i el
:)-
ot 5.5 Frequency Response N.
& A
KA 1 The amplitude and phase response to a swept sinewave ]
L‘d} command are shown in Figures 5-25 and 5-26, These plots \:
. were obtained using a Bafco frequency analyzer. ""f
' 1 t
*, .
1} .
The axis demonstrates a small amount of peaking at Py
N
ﬁ'f approximately 25 Hz with a -3 db corner at 45 Hz. f{t
v.e. o
o,
I
BT The Y axis respone also peaks at 25 Hz (+3 db) and has a >
4 minus 3 db corner at approximately 50 Hz. .
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