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FOREWORD

This report was prepared by the Bertea Corporation,
Irvine, California under NASA Contract NAS 8-28379.
The report describes the evaluation of a unique

electrohydraulié digitally controlled servo actuator.

The evaluatioh contract was sponsored by the George

C. Marshall Space Flight Center, National Ae;onéutics
and Space Administration, Marshall Space Flight Center,
Aiébama 35812. The contracting officer's technical

representative was P, T. Golley, Astrionics Laboratory.

The work was performed by members of the Engineering
Department of Bertea Corporation, Irvine, Californié

92664. The principle investigator was R. L. Anderson

- with assistance from J. W. Blanton, W. E. Cover, and

P. Chin. Work on the contract was performed between

February 29, 1972 and February 28, 1973.
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1.0 SUMMARY

This final report describes the applicatien of a digital
control valve on an electrohydraulic servoAactuator. The
report discusses the digital control problem in general
as well as the design and eveluation of a breadboard

actuator.

The evaluation of the digital control valve revealed-a
number of problems associated with matching the DART

Valve to a hydraulic load. The problems were related

to lost motion resulting from bulk modulus and leakage.
These problems were effectively minimized in the bread-
board actuator by maintaining a 1000 psi back pressure on
the DART Valve circuit and thereby improving the effective

bulk modules.

Iﬁ general the test results obtained from the breadboard
were impressive and tend to indicate that satisfactory
performance may be obtained using the DART Velve electro-
hydraulic interface. It is recommended that further

testing be performed using a hydraulic load which would

be designed from the test data collected on the bread-

" board actuator. It is also recommended that the DART'

Valve be evaluated on a secondary actuator driﬁing a

hydromechanical actuator.
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2.0 INTRODUCTION

.Contemporary flight control systems rely on a variety

of deéign techniques to establish an interface between
electronic signals and hydraulic actuators. The simplest
techniques employ solenoid actuated valves to control the

flow of fluid to a hydraulic actuator.

For more demanding applications the electrohydraulic
interface must be capable of proportional control.
Whére frequency response requirements are not severe
the interface is typically accomplished using an
electromagnetic torgue motor which drives a slide valve

through a combination of gears and linkage. For higher

response requirements the torque motor may drive the

slide valve indirectly using a hydraulic preamplifier.

In each case, as the pérformance requirements become
more demanding the intrinsié reiiability of the hard-
ware is reduced as the number of failufe modes increase
in propbrtion to the numbe; of componenté. At tﬁe crux
of the problem are the "sensitive" components which form
the electromechanical interface. The-reliability of
these components is-typically compromised to achieve

specified performance requirements. This compromise
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2.0 INTRODUCTION (Continued)

often takes the form of marginal meachanical design in

_terms of susceptibility to contamination, limited design

life, or reliance upon critical assembly and maintenance

techniques.

Two approaches are available to the designer who is
faced with both high performance requirements and high
reliability requirements. The first approach is to
.design the interface to accommodate redundant elements
for the least reliable componenﬁs. This approach
increases the reliability of the control system in
terms of the probability of safely completing a mission.
However, the probability of'failure from a maintenance
standpoint is greatly increased due to the addition of
the redundant components and redundancy management sub-

systems.

A second approach to achieving the required reliability

requirement is to design a single channel interface

~using ultrareliable components. This is actually a

feasible approach within existing technology. However,

N
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INTRODUCTION (Continued)

the cost of these components greatly exceeds the cost
of using redundant components. Therefore, this approach

has been limited in its application.

The basic attractiveness of the single channel reli-
ability approach is so great that in recent years
Bertea has initiated an in-house program to investigate
approaehes to improving single channel reliability with-
out incurring the costs associated with the use of
conventional ultrareliable hardware. The result of
this effort has been the development of a digital
electrohydraulic interface using a Bertea developed
electrohydraulic valve called the DART Valve. The DART
Valve has been developed to eliminate basic problems
such as contamination sensitivity and critical assembly

techniques and thereby improve electrohydraulic interface

‘reliability. The DART Valve promises not only a reduc-

tion in failure modes but also an improvement in failure
effects. A key factor in the development of the DART
Valve has been to greatly reduce the number of failure

modes which result in hardover failures.
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INTRODUCTION (Continued)

This report describes the application of a second

generation DART Valve, referred to as the Microdrift

DART Valve, as used to position the slide valve in a

electrohydraulic servo actuator.
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3.0 DIGITAL CONTROL TECHNIQUE

There are two basic approaches for mechanizing a digital

actuator: binary commanded and pulse commanded.

Typically binary digital actuators have less -attractive

‘failure modes than pulse commanded actuators. For

example, a failure of the most significant bit in a
binary actuator will produce a 50% transient at the
actuator output. Pulse commanded actuators may be
designed such that each pulse will command a limited

actuator stroke and thereby prevent hardover failures.

Pulse commanded actuators may be of either the pulse

rate or pulse width type. Pulse width actuators

receive information at a'fixed frequency with variable
pulse width. Pulse rate actuators receive information
with a fixed pulse form but at variable pulse frequency.
For hydromechanical applications a pulse rate command is
more desirable than a'pulse width command. Over a given
period of time the pulse rate command wiil result in fewer

mechanical cycles and therefore less mechanical wear.
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3.0

3.1

DIGITAL CONTROL TECHNIQUE (Continued)

DESCRIPTION OF PULSE RATE ACTUATOR

The pulse rate actuator utilizes a stepper motor

which positions the output one increment for each

pulse command. The output position is the algebraic
sum of plus and minus pulse commands. The hydraulic
mechanization bf a stepper motor may be represented
schematically as shown in Figure 1. The hydraulic
stepper motor contains three basic components: a
direction control valve, a digitizer to restrict the
fluid flow to a predefined volume, and an actuator to
sum the individual hydraulic steps. 1In actual practice,
the direction control valve may be duplicated to_provide

control in both directions (plus and minus commands).‘

The hydraulic stepper will cause the actuator to
advance one "step" each time the solenoid is sequenced
through an on-off-on cycle. Figure la illustrates

the steady state (or rest) condition of the stepper.
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In this position both actuator ports are blocked
so ‘that the actuator .can not mowe. The digitizer
is ported to return pressure and therefore is in
the (spring) extend position. Figure 1lb shows the
direction control valve in the solenoid energized
position. Supply pressure is ported to one side
of_the actuator. The opposite side of the actuator
is ported to the digitizer. Fluid will flow into.
the actuator from the pressure supply and out of
the actuator to the digitizer until the digitizer
piston bottoms (spring compressed). The digitiier
volumetric displacement defines the actuator dis-
placement for each step. The cycle is complete
when the solenoid has been deenergized and the
digitizer piston allowed to return to the full

extend position.

The hydraulic stepper may be meachanized to
have either a locked or bypass failure mode.
If the hydraulic stepper, shown in Figure 1,

were to loose electrical power it would

ORIG. REV.
DATE 2-28-73 DATE
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3.0 DIGITAL CONTROL TECHNIQUE (Continued)
3.1 DESCRIPTION OF PULSE RATE ACTUATOR (Continued)
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3.0 DIGITAL CONTROL TECHNIQUE (Continued)
3.1 DESCRIPTION OF PULSE RATE ACTUATOR (Continued)

lock the'actuator in its last commanded position.
However, if the function of the solenocid were to be
reversed such that the solenoid were normally energized
the hydraulicAstepper would fail to a bypass position.

If this revised design were to experience a loss of
electric power the direction control valve would assume
the position shown in Figure 1b. If there were two
direction contfol valves (one for each direcﬁion) then
both sides of the actuator would be connected to pressure

and the actuator thereby bypassed.

There is also a second option to consider in the mech-
anization of the hydraulic stepper. The digitizer may
operate at either return or supply pressure level. The
digitizef shown in Figure 1 operates at return pressure.

In the rest position itAis depressurized. The reverse
mechanization may also be considered in which the digitizer
is referenced to supply pressure. For this case the direc-
tion control valve would port one side of the actuator to

return and allow the digitizer to sﬁpply the fluid required
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DIGITAL CONTROL TECHNIQUE (Continued)

DESCRIPTION OF PULSE RATE ACTUATOR (Continued)

to move the actuator. This approéch has the dis-
advantage that the actuator is left at "return"
pressure at the end of the stroke and therefore is
not as stiff as the actuator configuration shown in

Figure 1.

- APPLICATION OF THE HYDRAULIC STEPPER

The practical application of the hydraulic stepper
depends.upon the ability to achieve both fine control
(small steps) and high speed response (large steps).
The limitation on achieving both of the requirements
simultaneously is the stepping speed. Currently a
stepping rate of 50 steps/second is achievable and a

100 steps/second may be achieved in the near future.

An example of the effects of this stepping rate limita-
tion is given below. Assume that the fine control or
resolution requirement defines the smallest ;tep size

as 0.2%.of full stroke. Using this step size at

50 steps/second it will take 10 seconds for the actuator

to go from full extend to full retract. . For many

applications this is too slow.
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3.0 DIGITAL CONTROL TECHNIQUE (Continued)
3.2 APPLICATION OF THE HYDRAULIC STEPPER (Continued)

‘ above example, a nine to one improvement in actuator

as four step sizes.

will now have a .2%,

. 8%,

1.0%,

fulfill a great many applications.

A technique for improving the response of the hydraulic
stepper would be to have a large and a small step size
available. These two step sizes could then be used
individually, summed, or sgbtracted to provide as many
This technique would extend the
~capability éf the hydraulic stepper such that it would

Referring to the

speed would result from the use of hydraulic steppers
which have a .8% and 1.0% step size. The actuator
and 1.8% step size
capability. At fifty steps per second the actuator
will_go from full exten@ to full retract in 1.11
seconds. The minimum step size of .2% is preserved by
cyclingAthe 1.0% step valve in one direction and the

.8% step valve in the opposite direction. This

differential step must be sequenced so that both sides

of the actuator are not connected to the pressure port

. ~at the same time. 1If the stepper valves were not

each time a .2% step is commanded.

sequenced in this manner the actuator would be bypassqd
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3.0

3.3

DIGITAL CONTROL TECHNIQUE (Continued)

APPLICATIONS REQUIRING LARGE ACTUATORS

The majority of the digital valve developmental work has
been directed toward small (1 gpm) actuators. The appli-
cation of digital valve techniques to large actuators
requires special consideration of the pulsing effect of
the hydraulic stepper. As a minimum, an accumulator must
be inserted into the supply and return passages to isolate
the pulsation from the main hydraulic system. In addition,
it may be required that larger valves be cycled at a lower
stepping rate than the 50 or more steps per second used
for the smaller valves. - This reduction in stepping rate
may require the addition of a damping device to attenuate

actuator response at the valve stepping frequency.

A more conventional approach to the large actuator problem
is to allow a digital actuator to drive a large servo
valve, either directly or indirectly. The direct approach
is to port the "steps" of hydraulic fluid into end chambers
of the servo valve. The end chambers will integrate the
individual steps and thereby position the servo valve. The
digital vaive command must therefore be a function of the

difference between actuator command and actuator output.
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3.0 DIGITAL CONTROL TECHNIQUE (Continued)
3.3 APPLICATIONS REQUIRING LARGE ACTUATORS (Continued)
The indirect approach to driving a large servo valve
is to use a small digital actuator to supply position
inputs to a large hydromechanical servo actuator. This
approach greatly simplifies the electronic logic in
that the digital signal is a function of the position
command only.
3.4 OPEN LOOP CONTROL

The hydraulic stepper may be used in.either an open
loop or closed loop control system. Figure 2 illus-
trates the closed loop approach. The command and
output are compared at a summing junction. A digital
amplifier-chopper drives the hydraulic stepper in
response to error signals at the summing junction.
For a simple hydraulic stepper the digital amplifier-
chopper is simply a direction sensitive relay which
drives the hydraulic steppér whenever the summing
junction error exceeds a preset threshold. For a
multiple step hydraulic stepper the digital amplifier-
chopper must contain the logic to drive various com—-
binations of hydraulic steppers in response to two

or more threshold levels.
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, HYDRAULIC : -
INPUT >{ CHOPPER <repperR [P ACTUATOR |—e— OUTPUT
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CLOSED LOOP STEPPER
FIGURE 2
INPUT >{ CHOPPER HYDRALEC |—f ACTUATOR f—— OUTPUT

INTEGRATOR (€—

'OPEN LOOP STEPPER
: FIGURE 3

— P



' | CORPORATION PAGE 17 224200-~7
s BEQTEQ/IRVINE-CAL!FORN!A

@

— . REV.)

ORIG. REV,
DATE 2-28-73 DATE

'r

TITLE

DIGITAL CONTROL VALVE EVALUATION _ B -

3.4

DIGITAL CONTROL TECHNIQUE (Continued)

OPEN LOOP CONTROL (Continued)

The hydraulic stepper may also be operated open loop

as shown in Figure 3. In this configuration an
electronic up-down counter or integrator is used to

sum hydraulic stepper commands. The output of this
integrator is combined with the.input at a summing
junction. In operation the digital amplifier—chopper
will respond to an input by continuously stepping until
the integrator cancels the input command.. The open
loop technique is attractive when it is desirable to
eliminate feedback from the hydraulic equipment to the
electronic. Elimination of this feedback may be desired
to improve reliability or to decrease weight or cost.
The disadvantages of open loop control are inaccuracies

due to drift (leakage) and/or abnormal step sizes.

When the open loop technique is used it is necessary
to isolate the digital amplifier-chopper from the
summing junction by using data sampling techniques.
This procedure is necessary to prevent the step size
selector from changing command outputs in thé middle

of a step with a resulting loss in step calibration.
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stepper transmits a step verification command to the
electronic logic after every step. These signals may
then be intégrated and applied to the summing junction.
A second use of a step vefification‘signal would be for

monitbring. A fault would be indicated if there was a

[ T
TITLE DIGITAL CONTROL VALVE EVALUATION J
3.0 - DIGITAL CONTROL TECHNIQUE (Continued)
‘3.4 OPEN LOOP CONTROL (Continued)

‘A hybird approach is also possible in which the hydraulic

disagreement between a step verification signal integrator

and a digital amplifer-chopper integrator.
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4.0 BREADBOARD ACTUATOR

The breadboard actuator assembly is shown in Figure 4.
Two Dart Valves are used to position a mechanical servo
valve. Tﬁe mechanical servo vaive controls the flow of
fluid to the ﬁydraulic cylinder. Linear position trans-
duéers are attached to both the servo valve slide and
cylinder piston. These trénsducer signals are elec-

trically compared to the position command in the DART

Valve Controller shown in Figure 5.

resulting from this comparison is processed by a digital
step selector which in turn control the DART Valves.

block diagram for the controller and actuator is shown

in Figure 6.

The error .signal

The output of the first summing junction is nonlinearized

as illustrated by the curve shown over the nonlinear
amplifier in Figure 6. The effect of this nonlinearity
is to increase error sensitivity for small summation

errors. This increased sensitivity improves actuator

resolution in that it reduces the summation error

required to activate the digital step selector.

nonlinearized input and positions a slide valve in

‘The inner control loop shown in Figure 6 accepts the
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BREADBOARD ACTUATOR (Continued)

response to this input. The digital step selector

" causes the small step DART Valve to cycle when it's

input exceeds 3% of full error signal at the second

‘>summing junction. The Iarge step DART Valve is cycled

when the second summihg junction error signal exceeds

15% of full error signal. .The DART ValvesAmeter a
digital step of fluid to the servo valve end chambers
such that the servo valve slide is displaced either 3%
or 15% of it's stroke:for each digital command. A linear
position transducer is attached to the servo valve slide
to feedback slide position. Thus, the inner loop repeats
the nonlineérized errorAsignéi from the first summing

junction.

- The servo valve metering port has a triangular opening

such that flow gain is a function of valve stroke. This
metering slot produces a stroke/flow curve as shown over
the servo valve block on Figure 6. This stroke/flow
curve is the inverse of the curve shown over the non-
linear amplifier. The net result of these complementary
nonlinearities is a linear flow output in response to

error signals at the first summing junction. Thé.purpose

ATA A1
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4,0 BREADBOARD ACTUATOR (Continued)

of the nonlinear design is two fold. First, the actuator
resolution capability is improved by a factor of approx-
imately lb times. Second, the digital step size appears
as a function of the error signal's absolute valve. Both
of these effects improve smoothness of operation in the

low velocity region.

The following list of constants apply to the breadboard

actuator.
Hydraulic Cylinder 8.73 in2 area
: 3.98 in stroke
Servo Valve +20 GPM flow
' +.175 stroke
DART Valve Small Step .0055 in
Large Step .027 in
32 small steps = .175 in
27 steps/sec with 1000 psi
back pressure
Inner Loop‘Gain +10 VvDC at first summing junction
will produce +.175 inch at servo
valve
Outer Loop Gain +10 VDC at command will produce

41.99 inch cylinder stroke
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4.0 BREADBOARD ACTUATOR (Continued)

If the inner loop were assumed to have a zero time
constant the outer loop open loop gain may be found

as follows:

¢ = [-175 IN 20 cpm « 3.g5 IN/SEC 1 10 VDC
10 voc )\.175 IN epM  /\8.73 1N%/\1.99 IN

1

G = 4.43 SEC™

This gain was selected to accommodate the large phase

. | lag associated with the nonlinear digital control scheme.
The stepping rate of the DART Valve produces a lag in
the response inner_loop. The low hydraulic gain of

the servo.valvé around center producés proportionallyv
longer time 1ags for smaller amplitudes. It>was
empirically found that the outer loop time constant

of .23 seconds was required to eliminate al; low

amplitude oscillations.
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BREADBOARD TESTING

The breadboard testing was divided into three phases.

The first phase of testing was accomplished using an

existing DART Valve on Bertea P/N 221400, Active

Standby Actuator Aséembly. The purpose of this test
was to demonstrate the feasibility of closed loop
control as shown on Figure‘6. One of the significant
problems uncovered during this first phése of testing
waS related to the data sampling technigue used in the
digital step selector. For subsequent test phases a

sample and hold technique was used for data sampling.

Following the first phase of teéting é manifold was
designed and fabricated to interconnect two Micrbdrift
Dart Valves to a nonlinear servo valve and hydraulic
cylinder as shown in Figure 4. An electronic controller
was also designed and packaged as shown in Figure 5.
For phase two testing the block diagram (Figure 6) was
modified to eliminate the feedback transducer on the
servo valve. The inner loop was closed using an

up - down counter to simulate the action of the DART
Valve, servo valve, and position transducer. The
output of the up - down counter was then used as a

pseudofeedback to close the inner loop. This modified
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5.0

BREADBOARD TESTING (Continued)

scheme was subjected to an intensive development pro-
gram which attempted to align step sizes and limits
between the electronic counter and hydromechanical
integrator. This approach was finally abandoned as

not being feasible with the existing mechanization.

Following termination éf the phase two effort the
hardware was modified to fécilitate studying the
major performance problem, the ability to produce
precise hdyromechanical steps. These modifications
and the third phase of testing were not originally
scheduled for the program and accounted for a sub-
stantial slip in the scheduled completion of the

program.

The third phase of testing proved succéssful and
acceptable closed loop performance was obtained.
The test procedﬁre and results appearing in
Appendix A and B define the third phase of testing
in detail. The results of phase three testing
indicated two problem areas which require further
developmentél effort. The first is step size

inaccuracies and the second is limited frequency

response.
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5.0 BREADBOARD TESTING (Continued)
5.1 EFFECT OF LEAKAGE

The step size problems may be divided into two categories:
leakage énd fluid éompressibility. Leakage may effect
the step size by either causing steady state drift or
. dynamic drift. Steady state drift will result when
fluid is allowed to leak ffom a source of pressure into
one or both DART Valve control lines. The Microdrift
DART Valve used for phase three testing eliminated
internal steady state leakage through the use of a
Microseal poppet to isolate the control lines from the
source of pressure. Testing of the DART Valve indicated
that this technique effectively reduced internal steady

state leakage to zero.

Steady state drift may also be cauéed by leakage from the
pressure source into the DART Valve control lines within
the servo valve. The servo valve used for phase three

testing eliminated all lap leakage into the control lines

by venting control line lap leakage to return.

Fluid compressibility may affect step size if the control
line experiences a change in pressure during the execu-

tion of a step. An increase in pressure will. cause the
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5.0 BREADBOARD TESTING (Continued)
5.1

EFFECT OF LEAKAGE (Continued)

fluid to compress and thereby increase the step size.
The effect of fluid compressibility becomes a signifi-
cant problem if leakage is allowed to reduce the fluid
pressure step commands. In the hardware used for phase
three testing, this effectvresulted in a servo valve
slide displacement eéual to the desired "small" step.
Therefore, the "small" step digitizer had to be reduced

to zero stroke in order to achieve the desired "small"

step size. This situation is most undesirable in that

the "small"” step size is now a function of control line
pressure and leakage. In the extreme case the control
line will bleed down to the extent that a "small" step
comﬁand will not result in any slide valve displacement.
In this case the summation error will accumulate until

a "large" step threshold is exceeded. This effect may

.be observed in the test data presented in Appendix A.

The fluid compréssibility problem is further complicated
by the servo valve centering springs. These springs
detent the valve to neutral and thereby cause the

actuator to lock in it's last commanded position in
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5.0 BREADBOARD TESTING (Continued)
5.1 EFFECT OF LEAKAGE (Continued)
the event of a loss of fluid pressure. Howevér, when
the servd valve is at neutral the detenting action of
the springs degrades the performance of the‘"smallf
step function. It is suggested that further develop-
ment work investigate the trade offs associated with
lap leakage, step sizes, and detent springs.
5.2 EFFECT OF NONLINEARITY

Section 4.0 of this report described the nonlinear
inner loop technique used to achieve fine resolution
at the actuator output. This technique did improve
resolution as predicted but had a detrimental effect

on inner loop frequency response for small amplitude

signals. This frequency response limitation is related

to the finite stepping rate of the DART Valve. Since
the servo valve flow gain is very low around neutral,
several digital steps may be required to achieve a
commanded flow rate. As each step requires 38 milli-
seconds to execute, the inner loop phase lag may be
quite large. This inner loop phase‘lag limits the
allowable outer loop gain and hence the over-all

frequency response of the servo actuator.
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5.0 BREADBOARD TESTING (Continued)
5.2 EFFECT OF NONLINEARITY (Continued)

The-nonlinear inner loop is in some ways self-defeating
as a tecﬁniqﬁe for improving actuator resolution. As
noted above, the nonlinear inner loop requires a lower
outer loop gain that may b¢ used with a linear inner
loop. This reduced outer.ioop gain effectively increases
the actuator displacements required to cycle the "small"
step DART Valve. Further analyses are redquired to deter-

mine the optimum nonlinearity for a given application.

An alternate approach to improving the actuator fre-
guency response would be to drive a hydromechanical
‘actuator with a digital secondary actuator. This
application of the digital valve does not réquire the
‘high response inner loop characteristics of the appli-
cation defined in this report. Also, the hydromechanical
actuator will act as a filter on the output of the
secondary digital actuator. It is suggestedlthat the
secondary actuator approach be considered for any

further development work.
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APPENDIX A

TEST RESULTS

p— AT A AT
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PRODUCTION

( BERTER [ sowaian) Test A = e SES
PROCEDURE CHECK BY DATE

®

l. TEST ALL 228200 DART'VALVES-TO THIS PROCEDURE.

2. TEST VALVE SLIDES TO 228212—T.A

3. USE MIL-H-5606 FLUID AT 80 + 20°F, 3000 PSI.

4. PERFORM TESTS IN ORDER NO&ED.

5. RECORD RESULTS ON A COPY OF THIS PROCEDURE.

6. FLOW IS OUT OF B PORT WHEN ONLY THE UPPER'SOLENAID IS ENERGIZED;

/— ELECTRICAL CONNECTOR

PORT LOCATIONS (REF) =

O O-1 8

ouT AlWHEN ONLY LOWER IS ENERGIZED .

/ C>~\\\\\\\\\

S~ RETURN

PRESSYRE ——— | O )

ROTTOWM VIEW 8
} DIGITIZER MRNITOR
UFPER  SOLENOID

1 T - 28VbdC
s , SOURSE

PTQZ H-10-6P

2282007

1 ofF S

PG.

5/N 00!

L00¢8Z<c
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EACH PORT

r
4
BERTEQ IRVINE » CALIFORNIA TEST DRAWN BY @"‘ 2\ DATE
\ PROCEDURE CHECK BY DATE
TEST PROCEDURE ‘REQUIREMENT
1. | SOLENOID
' .003% 0003
TRIM A
A
) t e
. : o
(@]
N
[e)
N
(9]
’ ’ ‘N~ 8
r;Z L_' UPPER SOLENOID Q03
- ) - LOWER SOLENOID .0073
‘ ©
u
2. | RESISTANCE | MUST BE 50-60 OHMS BETWEEN A-B ~ o
A-B OR B-C B-C N n
MUST BE 550-650n BETWEEN D-E ~N a
D-E OR E=~F E~F N a
. o
N o
3.| SOLENOID RECORD PULL-IN AND DROP-OUT | oPULL-IN
) a : =
~ ' Lo | &~
TIME VOLTAGE AND CURRENT. 3 MS 3 UPPER MS
CONSTANT MAX PULL-IN, 4 MS MAX DROP- |g LOWER S Ms
‘ ' v
OUT. SET SUPPLY PRESSURE DROP-OUT
AT 3000 PSI g UPPER I MS
o _
2 LOWER | ms
N
®
4.| INTERNAL APPLY 28VDC TO BOTH SOLE- A @) CC/MIN| X
: o
LEAKAGE NOIDS. MEASURE LEAKAGE AT B Q cC/MIN| 1
: c ok R3S
A, B, AND R, 10 CC/MIN MAX R 2 cC/MIN|
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: PRODUCTION
CORPORAT 9
('BEQTEQ IRVINEOCALIFOL!CI)\III\Q TEST DRAWN BY _& DATE
PRGCEDURE CHECK BY DATE.
.| OrRIFICE | APPLY 28VDC TO UPPER SOLE~ A /125°  c/mn
SIZE NOID. FLOW AT A MUST BE B 1359 CC/MIN
1650 TO 2000 cC/MIN. REPEAT
FOR B.
e
o
'
6.| SWITCH APPLY 28VDC TO UPPER SOLE- A /500 PSI @
N
POINT NOID. RESTRICT FLOW AT A. B 1155 PSI
MEASURE BACK PRESSURE FOR
' fuq
1200 CC/MIN. o
™
7.| INTER- MEASURE FLOW FROM R DURING (2) |35 ccrmin | g
v _ &
FLOW ABOVE TEST. REFERENCE (B) 13850  cc/mrn
_q ONLY.
CONNECT DART VALVE ASSEMBLY TO SK 51772 RESPONSE ACTUATOR. USE
228240-101 HARNESS TO CONNECT DART VALVE TO 224250 CONTROLLER TEST S
' o
CONTROLLER PER 228250T BEFORE USE.
‘ 2
2 N
CYLINDER BORE_- SOOWrop —— ,area_. {96 A
8.| DIGITIZER| APPLY 300 PSI TO P WITH A /. 5 CC/MIN
LEAKAGE ONLY LOWER SOLENOID B 5.0 CC/MIN Rt
[e6]
N
ENERGIZED. MEASURE S
_ ]

CHANGE IN LEAKAGE AT R
WHEN 2000 PSI IS APPLIED
AT A, REPEAT FOR LOWER

VALVE.
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L EERTEQ IRVINE » CALIFORNU TEST DRAWN BY P:. X DATE
PROCEDURE gk py . DATE
b. DRIFT ENERGIZE BOTH SOLENOIDS.
MEASURE ACTUATOR DRIFT. O IN/SEc
RATE .

10.

APPLY 3000 PSI TO PRESSURE PORT. MONITOR VELOCITY TRANSDUCER ON
OSCILLOGRAPH. WITH UPPER soLENOID ENERGIZED RECORD TURN~ON AND
TURN-OFF FOR MVTER”“S'OLEﬁOID. -REPEAT WITH LOWER ENERGIZE. RECORD
SOLENOID VOLTAGE AND CURRENT, VELOCITY AND POSITION OF RESPONSE
ACTUATOR. (180 MV/IN/SEC/.196IN? = 920 MV/IN3/SEC = 1 MV/CC/MIN)

ATTACH RECORDING TO TEST RESULTS. IDENTIFY AS NOTED BELOW.

o SOLENOID
. : VOLTAGE

. \ | SOLENOID
- CURRENT

/\\\‘» " VELOCITY
' < TRANSDUCER

- POSITION
Vs ' . TRANSDUCER

2282007

OF

PG.

s/N 001

1002822
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CHECK BY

DATE

DATE

‘11.

DIGITIZER

TRIM

TRIM DIGITIZER STOPS. TO
OBTAIN NOTED STEP SIZES.

AT 40 STEPS/SEC.

S/N COUNT . SIZE
oo1r w4 00E37
002 5 .00684

MUST AGREE WITH +10%

UPPER . S1%M

Lower - Q!I®

IN

IN

RNE3 ™, 1% 8
054 x, 19¢

11}

.ojo\4
010

228200T

et Ao

OF

PG.

s/n 22!

L00Z8ce
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' PRODUCTION
BERTEA / CORPORATION | JEST DRAWN BY DATE
IRVINE « CALIFORNIA CEDURE
PRO . CHECK BY DATE
PART NO: SERIAL NO: . VALVE NO: DATE :
| 228700 RN . Upper. 1-5-93
“TBM NO: PART NAME INSP:
DART VALVE bw
TEST REQUIREMENTS RESULTS ACC.|REJ.
2
3 5
2 o
v o
4 ®
v o
J ~
5
Y |
[ o
)
3
£
[y
o
, 5
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IRVINE « CALIFORNIA CED .
PROCEDURE CHECK BY DATE
PART NO: SERIAL NO: VALVE NO: DATE: )
228209 00| Loweg - 2-73
IBM NO: PART NAME INSP:
DART YALVE hw
TEST REQUIREMENTS RESULTS ACC.IREJ.
b
g9
Je )
; ? o
o "
o0
>
J o
< o
Z
-
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o
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-~ PRODUCTION |
| BERTER | soramman ) test s

PROCEDURE CHECK BY DATE

:

l. TEST ALL 228200 DART VALVES TO THIS PROCEDURE.

2. TEST VALVE SLIDES TO 228212-T.

3. USE MIL-H-5606 FLUID AT 80 + 20°F, 3000 PSI.

4., PERFORM TESTS IN ORDER NOTED.

5. RECORD RESULTS ON A>COPY OF THIS PROCEDURE.

6. FLOW IS OUT OF B PORT WHEN ONLY THE UPPER:SOEENdiD“IS'ENERGIZED7
OUT A WHEN ONLY LOWER IS ENERGIZED . ELECTRICAL CONNECTOR

PORT LOCATIONS (REF)

PRESSVRE -

ROTTOM VIEW | 1

} DIGITIZET MUDITOR

UPPEX SOLENTID

= 28VbC
SEVRSE

| +

PTQZ H-10-6P

228200T

c

1l oF

PG.

S/N 002

L00Z8¢¢
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A, B, AND R, 10 CC/MIN MAX

EACH PORT

— PRODUCTION | 41
| BERTER | Sar2nsen | test oram 5y _Rd oaTe
PROCEDURE CHECK BY " DATE
TEST PROCEDURE 'REQUIREMENT
1. | SOLENOID
.003+ 0003 ——
TRIM -
\
&=
(@]
O
N
[e0)
o
N
' &
f_Z L] UPPER SOLENOID Q03
| ) : LOWER SOLENOID .003
’ o
(V]
2. | RESISTANCE | MUST BE 50-60 OHMS BETWEEN A-B NV a
A-B OR B-C B-C Y A
MUST BE 550-650n BETWEEN D-E ™~ [
D-E OR E-F E-F ~ A
. o
o
3.| SOLENOID RECORD PULL-IN AND DROP-OUT PULL-IN >
TIME VOLTAGE AND CURRENT. 3 MS g UPPER 4 Ms | Y
CONSTANT | MAX PULL-IN, 4 MS MAX DROP- g LOWER s MS
>
OUT. SET SUPPLY PRESSURE |V prROP-0OUT
' V]
AT 3000 PSI ¢ UPPER | MS
: g LOWER ’ MS
N
4.| INTERNAL APPLY 28VDC TO BOTH SOLE- A O CC/MIN §
A : S
LEAKAGE NOIDS. MEASURE LEAKAGE AT B C cc/MIN| B
R .S CC/MIN
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TEST DRAWN BY _L3A DATE
PROCEDURE CHECK BY DATE
5.| ORIFICE APPLY 28VDC TO UPPER SOLE- A /250  co/min
A 2090
SIZE NOID. FLOW AT A MUST BE B ____CC/MIN
/1650 TO 2000 CC/MIN. REPEAT
FOR B.
e
o
Q
] .
6.| SWITCH APPLY 28VDC TO UPPER SOLE- A 250 PSI 2
. N
POINT NOID. RESTRICT FLOW AT A. B 1155 ps1
MEASURE BACK PRESSURE FOR
) f
1200 CC/MIN. o
™
7.| INTER- MEASURE FLOW FROM R DURING | (a) 1390 ce/min | 4
_ 4 o
FLOW ABOVE TEST. REFERENCE (B) /300 . . cc/mIN
ONLY.
CONNECT DART VALVE ASSEMBLY TO SK 51772 RESPONSE ACTUATOR. USE
228240-101 HARNESS TO CONNECT DART VALVE TO 224250 CONTROLLER TEST ~
O
CONTROLLER PER 228250T BEFORE USE. , o
_ N >
CZLINDER BORE.S5®®,w ,ROD = ,AREA .)D{in o
8.| DIGITIZER | APPLY 300 PSI TO P WITH A B CC/MIN
LEAKAGE ONLY LOWER SOLENOID B 1. CC/MIN | ™
o8]
N
ENERGIZED. MEASURE P
=3

CHANGE IN LEAKAGE AT R
WHEN 2000 PSI IS APPLIED
AT A, REPEAT FOR LOWER

VALVE.
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’ ORPORATIO v
[BEQTEH ISVINE . CALIFORNﬂ TEST DRAWN BY PK X DATE
' PROCEDURE CHECK BY DATE
' q 9.| DRIFT ENERGIZE BOTH SOLENOIDS.
' MEASURE ACTUATOR DRIFT. 0 IN/SEC
RATE. .

- lo.

APPLY 3000 PSI TO PRESSURE PORT. MONITOR VELOCITY TRANSDUCER ON

OSCILLOGRAPH. WITH UPPER SOLENOID ENERGIZED RECORD TURN-ON AND

‘TURN-OFF FOR' LOWER ‘SOLENOID. "REPEAT WITH LOWER ENERGIZE. RECORD"

SOLENOID VOLTAGE AND CURRENT, VELOCITY AND POSITION OF RESPONSE

2

ACTUATOR. (180 MV/IN/SEC/.196IN“ = 920 MV/IN3/SEC = 1 MV/CC/MIN)

-ATTACH RECORDING TO TEST RESULTS. IDENTIFY AS NOTED BELOW.

2282007

OF

PG.

SOLENOID
VOLTAGE

. -ﬁ\\\ ‘ SOLENOID

CURRENT

/\\\_> VELOCITY
N TRANSDUCER

POSITION
TRANSDUCER

\ |

S/N DOZ

L00Z8ee
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PRCDUCTION -
CORPORATI - 2\
(BERTEA [ seraamay) s oy v £ICA e
PROCEDURE CHECK BY DATE
’P 11.| DIGITIZER | TRIM DIGITIZER STOPS TO UPPER 0127 IN
TRIM OBTAIN NOTED STEP SIZES. LOWER - Ollb IN
AT 40 STEPS/SEC.
S/N COUNT SIZE 0LE X196 = .01 §
001 1 .00137 059 x,194< Ol @
, e Q
002 5 .00684
MUST AGREE WITH +10%
8
.
O
(<1
o
0
0
2
N~
1
N
N
(00
N
o
o
+




- (BERTEA [soronamen ) Test UCTION i DATE
{RVINE « CALIFORNIA T CED
PRO URE CHECK BY DATE
PART NO: SERIAL NO: VALVE NO: DATE:
2287200 o0 L VRPER |_5_73
IBM NO: PART NAME INSP:
' DART  VAWLE DWW '
TEST REQUIREMENTS RESULTS ACC.|{REJ.
-
& 3 3
13 o
j o~
» o0
5 9.
] N
J
Al /4
£
2
<
E
fy
o]
O
[« T}
o
E -
' 1%
, w
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VOLTAGE

' PRODUCTION |
BEQ TEF] CORPORATION TEST DRAWN BY DATE
IRVINE ¢ CALIFORNIA CEDURE
PRO CHECK BY DATE
PART NO: SERIAL NO: VALVE NO: ' DATE:
272820 002 Lowewz I-%-53
’ TBM NO: PART NAME ' INSP:
DART VALUE W
TEST REQUIREMENTS RESULTS Acc.|RrEJ.
7
»g ¥ -
339 0
£ ¢ g
F %
s
N
o3
[z
@)
~ w
Ay
-
L — 2
H
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47
DATE
DATE

DART VALVE SLIDE TEST

TEST BOTH UPPER AND LOWER LAP ASSEMBLIES TO THIS PROCEDURE,

TEST DIGITIZER ASSEMBLIES PER 228220-T BEFORE INSTALLING IN VALVE

HOUSING.

USE MIL-H-5606 FLUID AT 80° 4+ 20°F. DO NOT APPLY MORE THAN
1500 PSI TO TEST FIXTURE.

RECORD TEST RESULTS ON A COPY OF THIS PROCEDURE.

TOP VIEW

PORT LOCATION

OPPOSITE SIDE

228212-7

OF

PG.

D c
UPPER VALVE P ——

PORTING (REVERSE , | ,
A & B FOR LOWER ED1 J—N" N "]——rl‘_—-_—'_—
VALVE) = R e e

=
_H

SET MICROMETER AT ZERO———“/)(
WITH SLIDE SHOULDER FLUSH
WITH THIS FACE

S/N Q0|

L-2128¢¢
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PROCEDURE CHECK BY . DATE
LOWER VALVE (MAINTAIN UPPER SOLENOID ENERGIZED)
1. MEASURE VALVE STROKE TO "+" AND "-" STOPS. MUST BE .090 + .003
IN PLUS DIRECTION. ' .
RECORD READING + . 09Q INCHES
- — INCHES
2. APPLY 700 PSI TO B. VENT P, R, A, AND C. g
N
. -
EXTEND VALVE SLIDE AND MONITOR 2WDT OUTPUT. RECORD VALVE POSI- 3
TION WHICH CAUSES DIGITIZER PISTON TO BOTTOM. RETRACT VALVE q
~SL;TDE AND "RECORD "POSTTION ‘WHICH ALLOWS DIGITIZER PISTON TO RESET.
(TO AVOID LEAKAGE INTERFERENCE, THE RECORDED SLIDE POSITIONS
SHOULD CAUSE THE DIGITIZER TO EXTEND OR RETRACT IN LESS THAN 1
SECOND.) MUST AGREE WITH FIGURE 1.
-O23¢ IN TO BOTTOM DIGITIZER OY O 1IN TO RESET | ©
3. 'APPLY 200 PSI TO C. VENT P, R, B, AND A. ~
' v
EXTEND VALVE SLIDE AND RECORD POSITION FOR APPROXIMATELY .l, .2, -
.3, .4, .5, 1, AND 2 GPM AT A OR R. MUST AGREE WITH FIGURE 1.
q FLOW AT R _ FLOW AT A
~9/8 1w D cpM o 040 1N O GPM
02] IN ] GPM 037 1IN N GPM
Q024 IN .2  GPM~ - 035 IN .2 GPM
QA28 IN .3 GPM 032 1IN .3 GPM 3
,033 IN Y _GPM - .0Q30 1IN Y GPM o)
Y| IN .§  GPM .9 27UIN « & GPM <
090 IN SL gpM 017 IN \ GPM
S— R— =S — ik
4. APPLY 2C0 PSI AT P. RECORD LEAKAGE AT R FOR VALVE SLIDE FULLY
RETRACT D AND FULLY EXTENDED. RECORD FLOW AT C.
— CC/MIN AT "+" STOP — _CC/MIN AT "-" STOP o
— _CC/MIN AT C o
: o
5. APPLY 1500 PSI AT B. RECORD LEAKAGE AT R AND A FOR VALVE SLIDE N
- AT “4+" STOP. -
— CC/MIN AT R — CC/MIN AT A
6. APPLY 1500 PSI AT A. RECORD LEAKAGE AT R AND B FOR VALVE SLIDE.
AT "4+" STOP.
— CC/MIN AT R — CC/MIN AT B
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PRODUCTION
(BERTEA | Samnaman |

TEST - DRAWN BY DATE
PROCEDURE CHECK BY DATE
{ LOWER VALVE (Continued)
7. WITH VALVE AT "-" STOP. RECORD PRESSURE AT B TO MOVE DIGITIZER
PISTON. '
INCREASING — PSI TO START —— PSI TO BOTTOM
DECREASING _ — PSI TO START —— PSI TO RESET

&
|
UPPER VALVE (MAINTAIN LOWER SOLENOID ENERGIZED) «
™
' [0 0]
8. MEASURE .VALVE.STROKE TO "#"_AND "-" STOPS.. MUST BE .090 + .003 a8
IN PLUS DIRECTION. :
RECORD READING + .03/ INCHES
- 040 1INCHES
' 8
9. APPLY 700 PSI TO A. VENT P, R, B, AND C.
. ) ™
EXTEND VALVE SLIDE AND MONITOR 2WDT OUTPUT. RECORD VALVE POSI- ,
'TPION WHICH CAUSES DIGITIZER PISTON TO BOTTOM. RETRACT VALVE g
SLIDE AND RECORD POSITION WHICH ALLOWS DIGITIZER PISTON TO RESET.
‘ (TO AVOID LEAKAGE INTERFERENCE, THE RECORDED SLIDE POSITIONS
‘ ' SHOULD CAUSE THE DIGITIZER TO EXTEND OR RETRACT IN LESS THAN
1 SECOND.) MUST AGREE WITH FIGURE 1.
035 IN TO BOTTOM DIGITIZER 1037 1IN TO RESET
10. APPLY 200 PSI TO C. VENT P, R, A, AND B. EXTEND VALVE SLIDE -
AND RECORD POSITION FOR APPROXIMATELY .1, .2, .3, .4, .5, 1, g
AND 2 GPM AT B OR R. MUST AGREE WITH FIGURE 1.
o | .
FLOW AT R | ' FLOW AT B >
0I8 1N © apM N 037 x| cpM
022 IN - GPM _ 035 1IN & GPM
024 1IN . 2 GPM , 023 IN .3 GPM
Q27 IN 3  GPM ‘ L0030 IN H  epMm o
Q32 1N . GPM : 027 1IN &  GpM 5
oo v . 3 GPM Q22 IN .6 GPM N
054 1IN .52 apM 01) IN .7 GPM Y
: LK .24 H

1l. APPLY 200 PSI AT P. RECORD LEAKAGE AT R FOR VALVE SLIDE FULLY
RETRACTED AND FULLY EXTENDED. RECORD AT C. '

@ | _ccomin AT "+" sTop | cc/min AT * » sToP
_ : O cc/MIN AT C
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TEST DRAWN BY DATE
PROCEDURE

(BERTER | S3rgam

CHECK BY DATE

PPER VALVE (Continued)

@
12. APPLY 1500 PSI AT A. RECORD LEAKAGE AT R AND B FOR VALVE
: SLIDE AT "+" STOP. . ) :

3 CC/MIN AT R 4 cc/min ar B
13. APPLY 1500 PSI AT B. RECORD LEAKAGE AT R AND A FOR VALVE SLIDE | ¢,
AT "+" STOP. ‘ &
. —~
| ' c n
3 _CC/MIN AT R CC/MIN AT A ©
‘ ™~
14. WITH VALVE AT "-" STOP RECORD PRESSURE AT A TO MOVE DIGITIZER
PISTON. ’
INCREASING 559 PSI TO START 809 ps1 TO BOTTOM .
DECREASING __— _PSI TO START . _—~ _PSI TO RESET °
<t

PG.

SOLENOID || A

1'. COMMON__ | B
TF 230112 S

(CHECK PER 230112-T) SOLENOID | C

D O O O O _1‘
o]
o
— (& E |8 & =
26V_400HZ| = B g B O { D =
_ S >. £ W
A . | E
O: OO o o ’ { F
ézﬁf;; MATE I\
WITH N
PTO2H-10-6%
DC : I
-|VOLTMETER -
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PROCEDURE CHECK BY 'DATE

DART VALVE SLIDE TEST

1. TEST BOTH UPPER AND LOWER LAP ASSEMBLIES TO THIS PROCEDURE, .

2. TEST DIGITIZER ASSEMBLIES PER 228220-T BEFORE INSTALLING IN VALVE

HOUSING. e
) N
3. USE MIL-H-5606 FLUID AT 80° + 20°F. DO NOT APPLY MORE THAN ~
1500 PSI TO TEST FIXTURE. 2
’ N
4. - RECORD TEST RESULTS ON A COPY OF THIS PROCEDURE.
fay
O
TOP VIEW y
—_—— P R
PORT LOCATION ©
| o
OPPOSITE SIDE
D C
. o
[ N
UPPER VALVE P - ©
PORTING (REVERSE | | e
A & B FOR LOWER R e T P
VALVE) E$=71i~ = L |

L—-21282¢

SET MICROMETER AT ZERO
WITH SLIDE SHOULDER FLUSH
WITH THIS FACE
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PRCDUCTION
] TEST DRAWN BY DATE

PRCCEDURE CHECK BY DATE

LOWER VALVE (MAINTAIN UPPER SOLENOID ENERGIZED)
1. MEASURE VALVE STROKE TO "+" AND "-" STOPS. MUST BE .090 + .003
IN PLUS DIRECTION. :
RECORD READING + . O8> INCHES
© = =—— INCHES
2. APPLY 700 PSI TO B. VENT P, R, A, AND C. e
(9}
. ) —
EXTEND VALVE SLIDE AND MONITOR 2WDT OUTPUT. RECORD VALVE POSI- 3
TION WHICH CAUSES DIGITIZER PISTON TO BOTTOM. RETRACT VALVE 8
- SLIDE AND RECORD POSITION WHICH ALLOWS DIGITIZER PISTON TO RESET.
(TO AVOID LEAKAGE INTERFERENCE, THE RECORDED SLIDE POSITIONS
SHOULD CAUSE THE DIGITIZER TO EXTEND OR RETRACT IN LESS THAN 1
SECOND.) MUST AGREE WITH FIGURE 1. | : s
) our oF rzéQwR.omW .
936 1N TO BOTTOM DIGITIZER ™ e 044 1N TO RESET| ©
3. APPLY 200 PSI TO C. VENT P, R, B, AND A. N
.
EXTEND VALVE SLIDE AND RECORD POSITION FOR APPROXIMATELY .1, .2, -
' .3, .4, .5, 1, AND 2 GPM AT A OR.R. MUST AGREE WITH FIGURE 1.
FLOW AT R : ' FLOW AT A
+<820 1n __©O cpM w045 v 0 cem
+.924 1IN __.{ GPM : 2943 IN _.J| GPM
.32) IN . 2. GPM" .0y} IN .2 GPM
D3I IN 3 GPM ' _ 038 IN «3 GPM ‘g
. 039 IN .4 GpM .03 IN Y GpM o)
<049 1IN + & GpM .032 1IN .S GPM =
.05 ) IN .5 2GPM Q2D IN .4 GPM S
300 2.5 "
[
4. APPLY _8Q PSI AT P. RECORD LEAKAGE AT R FOR VALVE SLIDE FULLY
RETRACTED AND FULLY EXTENDED. RECORD FLOW AT C.
/0 _cc/MIN AT "+" STOP. 5 cc/MIN AT "-" STOP o
: —— _CC/MIN AT C 5
- D
5. APPLY 1500 PSI AT B. RECORD LEAKAGE AT R AND A FOR VALVE SLIDE N
AT "+" STOP. =
— CC/MIN AT R — CC/MIN AT A
. ‘ 6. APPLY 1500 PSI AT A. RECORD LEAKAGE AT R AND B FOR VALVE SLIDE
AT "4+" STOP. ‘
~ CC/MIN AT R " CC/MIN AT B
| I N o N
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TEST : DRAWN BY DATE
PROCEDURE CHECK BY : DATE
LOWER VALVE (Continued)
* 7. WITH VALVE AT “"-" STOP. RECORD PRESSURE AT B TO MOVE DIGITIZER
PISTON.
INCREASING ™~ PSI TO START -~ _ PSI TO BOTTOM
DECREASING — _PSI TO START —~ _ PSI TO RESET
=
i
UPPER VALVE (MAINTAIN LOWER SOLENOID ENERGIZED) S
: (9]
) [¢ 9]
8. MEASURE VALVE STROKE TO "+" AND "-" STOPS. MUST BE .090 + .003 N
IN PLUS DIRECTION. ' .
RECORD READING + .09 | INCHES
- _— INCHES
TO 8
9. APPLY 700 PSI TO A. VENT P, R, B, AND C.
o™
EXTEND VALVE SLIDE AND MONITOR 2WDT OUTPUT. RECORD VALVE POSI-
TION WHICH CAUSES DIGITIZER PISTON TO BOTTOM. RETRACT VALVE ©
SLIDE AND RECORD POSITION WHICH ALLOWS DIGITIZER PISTON TO RESET.
(TO AVOID LEAKAGE INTERFERENCE, THE RECORDED SLIDE POSITIONS
SHOULD CAUSE THE DIGITIZER TO EXTEND OR RETRACT IN LESS THAN
q 1 SECOND.) MUST AGREE WITH FIGURE 1.
Q37 IN TO BOTTOM DIGITIZER .OYQ IN TO RESET
10. APPLY 200 PSI TO C. VENT P, R, A, AND B. EXTEND VALVE SLIDE
AND RECORD POSITION FOR APPROXIMATELY .1, .2, .3, .4, .5, 1, A
AND 2 GPM AT B OR R. MUST AGREE WITH FIGURE 1. : 2
FLOW AT R " FLOW AT B I
V)
+.019 IN 0 GPM +.04Y0 1IN O __GpM
+.023 IN J __GPM ’ +.036 IN 1 GPM -
+.026 IN .2 GPM +.03y IN ._.2 GPM
+,029 IN .3 ___GPM +. 932 "IN .3 __GPM N
+.033 IN Y ___GPM : +.030 1IN 4 GPM ®
+,04] IN .§ GPM +.02§ IN .6 ___GPM ~
+.061 IN .52 cpM +.0/6 1IN 8 GPM o
0 N-YA -
300
11. APPLY 294. PSI AT P. RECORD LEAKAGE AT R FOR VALVE SLIDE FULLY
RETRACTED AND FULLY EXTENDED. RECORD AT C.
/O cC/MIN AT "+" STOP ' /3  cc/MIN AT "= STOP
. « _ : S -— CC/MIN AT C
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PRCDUCTION o 55
TEST
PROCEDURE

DRAWN BY DATE
CHECK BY . DATE

‘ UPPER _VALVE (Continued)

12. APPLY 1500 PSI AT A,
' SLIDE AT "+" STOP.

—~ CC/MIN AT R

RECORD LEAKAGE AT R AND B FOR VALVE

- CC/MIN AT B

13. APPLY 1500 PSI AT B. RECORD LEAKAGE AT R AND A FOR VALVE SLIDE | g
AT "+" STOP. - &
| N
—___CC/MIN AT R CC/MIN AT A @
' N
14. WITH VALVE AT "~" STOP RECORD PRESSURE AT A TO MOVE DIGITIZER
PISTON. T
INCREASING _45% PSI TO START 725 pS1 TO BOTTOM .
DECREASING —— _ PSI TO START — _PSI TO RESET ©
)
o
A
SOLENOID || A
COMMON
® omon__{ »
TF 230112
(CHECK PER 230112-T) SOLENOID — | C
—0 O 0O O O N
<. o
___J % = £ E Z
& > S S D ™~
26V _4 X
V_400HZ % B > & 1 n
-0 O 10 o0 o v | F
Ag?f;; MATE N
WITH et
PTO2H-10-6P H
oc : |
VOLTMETER &
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/)

2)

228220 DIGITIZER

CFLUID: Mil-H-S60& AT 80k 20 F

ASSEMEBLE 228220 VALVE ASSTMMEY
INTO T 222220 usme 228226 CAR
533@0 BPRING, 223228 SEAT A 3D

/Z(C&/C/‘,D RESLILTS &/V LDATA SHEZT, senD 0//,—
Py WiTH /,m//7‘ AMD  [fRE oNE oy’

PORYT A PORT B

— 13_

B
- Mu |
Je 12
§I éa
w0} 3 Q 4
Ly
: - Sco~ - '
I |
l ‘ | K ‘ l
L N —— ’H l .
| | s} ——
! - |
l L AN |

500 ' l

;—- 2183550 COMMNECTOR ASLY

228220 T

oF 3

l

PG.

/Y 2653 8 SrPE

Lo2282<2

. DRAWN BY _ ~FACKRTILU patg_7/-12-72
PRGCEDURE CHECK BY /5 (F#+  DATE /D%

AN T



| PRODUCTION Dy 8
@EF? TEA / lgvoll\ﬁi‘?%iﬁggﬂ TEST DRAWN BY HOACIRC L paTg /0T
_ PRGCEDURE CHECK BY 7 (lery<”  DATE/O—4~7%
. PO BT o U/\ o
‘ TesT AL = EQLVIRENMENT
' 45C0 PSS OPTN NO EATEEIAL
| | PROOF = . O L L
OPEN |3000 PS1| LEAKAGE 1N 2 MINUTES |
3000 | - O
2 |[LEAKAGE | 07 | OPEN | 2 Co/MIN. MAZIMUM o
SRS W . N
COlL | 0
T 50 S P ‘
S &50 OHMS ER ColL N
- COMMDECT COIL LEADS TO 213550 CONNECTOR ASSY. N\
ATTACKH TO TF2I13500 - | 1] Q
8
. 2 £ AC (RMS) CURRENT
EXCITATION MEASURE AC (RM=) CURRENT
A ORRENT AT THE EXCITATION TERAINALS| N
T OF TF213500. 50 MA MAX. s
, RECORD PRESSURE VS VOLTAGE
ESSURE! AS
5 z§~,»-~-~.~“ \32 REGD OPEN | O TO 000 PSi (SEE SHEET
@ | =ETTH 4 OF 213B00-T)
APPLY 500 VAC (GO HZ)
G DIELECTRIC NO ARCING OR INSULATION
STREZNGTH BREAKDOWN 1IN ONE
MINUTE.
100 MEGOHMS MINIMUM
INSULATION
Al el WITH 500VDC BETWEED
P COILS AND HOUSING.,
| N
N
0
N
N
- O
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\ BEF? TEfq .E\?N'Z . mﬁgﬁ'ﬁ;} TEST DRAWN BY DATE

PROCEDURE CHECK BY DATE

Q' 224200-T

1) TEST ALL 224200-T SERVO ACTUATOR TO THIS PROCEDURE.

»

2) BEFORE ASSEMBLING ACTUATOR ASSEMBLY PRETEST THE FOLLOWING COM-

PONENTS AS NOTED:

DART VALVES 2282007
SERVO VALVE 2242107

CONTROLLER - 2242507
3) USE MIL-H-5606 FLUID AT 80°+20°F.
4) RECORD RESULTS ON A COPY OF THIS PROCEDURE.

5) CONNECT TO HYDRAULIC SUPPLY USING % INCH LINES AS NOTED BELOW:

S UPPLY ——— | REGUL ATGR @ 3000731,

e — 1000 Ps)
RETURN ~a——REGULATOR |« U

6) CONNECT TO 224250 CONTROLLER AS NOTED BELOW:

a) - 115 VAC, 400 HZ TO THREE PRONG RECEPTACLES ON BACK OF

CONTROLLER.

b) 28 vbc, (2 AMP MINIMUM) TO DUAL RECEPTACLE ON BACK OF

@ - CONTROLLER

224200 -T

[ or Y

PG.

S/N o

L-~002Zh22
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*J PRODUCTION 62

'E

TEST DRAWN BY DATE
PRCCEDURE CHECK BY DATE
(Continued)
é) CONNECT .00154 ACROSS "EXT C" ON BACK OF CONTROLLER,

.d)

e)

£)

g)

h)

CONNECT BOTH ACTUATOR AND SERVO VALVE LVDT PRIMARIES

(EXCITATION) TO 26 VAC DUAL RECEPTACLE ON BACK OF CONTROLLER.

CONNECT SERVO VALVE LVDT SECONDARY “(SIGNAL) "TO ""SECONDARY"

DUAL RECEPTACLE ON BACK OF CONTROLLER.

CONNECT ACTUATOR LVDT SECONDARY (SIGNAL) TO "LVDT" DUAL
RECEPTACLE ON FRONT OF CONTROLLER. OBSERVE COLOR CODING -

ON WIRING HARNESS.

-
.

CONNECT DART VALVE WIRING HARNESSES USING LABELS AS

CONNECTORS :

. PLUG LABLED 001 TO -001 DART VALVE

2. PLUG LABLED 002 TO -002 DART VALVE

>, L4, L5, R4, R5 TO LIKE LABLED RECEPTACLES ON FRONT OF

: CONTROLLER. NOTE ALL GROUND CONNECTION ON PLUGS MUST BE

CONNECTED TO BLACK SIDE OF DUAL RECEPTACLE.,

ENERGIZE CONTROLLER BY TURNING POWER SWITCH TO "ON".
BOTH AC AND DC POWER LIGHTS SHOULD BE ON. MONITOR LIGHTS

L4, L5, R4, R5 SHOULD BE ON.,

22420Q ~-T

2 OF

PG.

S/N ool

L~Q02n2¢
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63

DATE

CHECK BY

DATE

PART NO:

SERIAL NO: VALVE NO:

DATE:

'l'riBM NO:

PART NAME

INSP:

TEST

REQUIREMENTS

RESULTS

ACC.

REJ.

OPEN LOOP

a) DISCONNECT PLUGS L4, LS5,

.SUCH .AS TO PRODUCE A ‘
" SERIES OF PULSE COMMANDS

TROLLER MUST BE 3.5+.35

R4, R5 FROM FRONT OF
CONTROLLER AND APPLY 28
VDC TO ALL PLUGS. INTER-
RUPT POWER TO L5 (OR R5)

TO DART VALVE. ACTUATOR
MUST FULLY EXTEND OR

RETRACT. VOLTAGE AT LVDT
SIGNAL ON REAR OF CON-

VAC AT EACH END OF THE
VALVE STROKE. '

ACTUATOR

EXTEND -5

ACTUATOR

RETRACT 3.5

VAC

VAC

224200 ~-T

b)

CONTINUE TO CYCLE POWER

T0 L5 (OR R5) AND RECORD
VOLTAGE AT LVDT SIGNAL ON
FRONT OF CONTROLLER. MUST
BE 23.5+2.3 VAC AT EACH
END OF ACTUATOR STROKE.

ACTUATOR
EXTEND

ACTUATOR
RETRACT

VAC

VAC

OF

3

PG.

INNER LOOP

. FRONT OF CONTROLLER. DIS

RECONNECT PLUGS L4, LS,
R4, R5 TO RECEPTACLES ON

CONNECT LVDT SIGNAL FROM

FRONT OF CONTROLLER. DEMOD

ON BACK OF CONTROLLER
MUST READ ZERO VDC FOR NO
INPUT COMMAND.

O

vDC

S/N 00

b)

RECORD VOLTAGE REQUIRED
AT COMMAND TO FULLY

EXTEND AND RETRACT SERVO
VALVE. MUST BE 10+.5 VDC)

ACTUATOR

EXTEND /0

ACTUATOR

reTRACT /O

vDC

vDC

OUTER LOOP

RECONNECT ACTUATOR LVDT
TO SIGNAL INPUT ON FRONT
OF CONTROLLER. MONITOR
DEMOD ON FRONT OF CON-
TROLLER. MUST BE ZERO
VDC FOR NO INPUT COMMAND.

vDC

L~00¢hHZC
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PROCEDURE

DRAWN BY

64

DATE

CHECK BY

DATE

PART NO:

SERIAL NO: - {VALVE NO:

DATE:

‘IBM NO:

PART NAME

INSP:

TEST

REQUIREMENTS

RESULTS

ACC.

REJ.

3| (Cont.)

b) RECORD VOLTAGE REQUIRED
AT COMMAND TO FULLY
EXTEND AND RETRACT ACT-

' UATOR. MUST BE 10+.5
vDC, |

ACTUATOR
EXTEND

ACTUATOR
RETRACT

vDC

vDC

22470Q-~T

4 | FREQUENCY
RESPONSE

RECORD ACTUATOR AMPLITUDE
RATIO AND PHASE LAG USING
INPUT COMMANDS OF 7.5 V
AND .45 V PEAK TO PEAK.

5 | HYSTERESIS

USING AN X-Y RECORDER PLOT
COMMAND. VS ACTUATOR POSITION
FOR +7.5 V TO -7.5 V TO

+7.5 V.

S

Plo

4 or

PG.

6 | RESOLUTION

USING AN X~Y RECORDER PLOT
COMMAND VS ACTUATOR POSITION
FOR +.8 VTO -.8 V TO +.8 V.

7 | STEP

USING AN OSCILLOGRAPH RECORD
ACTUATOR RESPONSE TO SQUARE
WAVE INPUT OF 2 V PEAK TO
PEAK AT .5 CPS. REPEAT FOR
15 v at .1 CPS.

8 | TRACKIN.

USING AN OSCILLOGRAPH RECORD
ACTUATOR OUTPUT IN RESPONSE
TO SINE WAVE INPUT OF 2 V
PEAK TO PEAK AT .5 CPS AND
15 v AT .1 CPs.

SEE |ATTACHES

S N _990}f

L-~0Q72h2?
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| BERTER | S5

PRODUCTION
] TEST DRAWN BY DATE
PROCEDURE CHECK BY DATE
PART NO: . SERIAL NO: VALVE NO: DATE:
224200 90 |
IBM NO: ) PART NAME INSP:
TEST REQUIREMENTS - RESULTS ACC.|REJ.
Pt
g ) -
g o o
X
&
=X

100¢ PS5
2> STERPS,

|

>
o qQ
2z
8 .
w &
n W
\5

=

OF

PG.
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STEP

ANPYT

3- O lNCu

oUTPVT

— PRODUCTION
BERTEA | Sorausan | Test pRany 5y
\ PRCCEDURE CHECK BY DATE
PART NO: SERTIAL NO: VALVE NO: DATE:
224100 00| —_— )= 24~23
IBM NO: PART NAME INSP:
TEST REQUIREMENTS RESULTS ACC.IREJ.
v
74 ]
W
Q.
h'¢
5 0
w
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‘ ‘ PRODUCTION
RPOR
(BERTEA [2rnm]) st orases
] PROCEDURE CHECK BY DATE
PART NO: SERIAL NO: VALVE NO: DATE:
22 H2LOQ o)
IBM NO: PART NAME INSP:
TEST REQUIREMENTS RESULTS ACC.IREJ.
- L)
g > ¢
€ & 2
o 2 V!
v - v
L
x Jd ¢
g o« a
§ 3
o %
E v
> q ,
« 2 8 ~
Err g %
b4 o Q >
2 S N
0 W o N o
’ . ‘ ’ s
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PRODUCTION
( BERTER | soramiman ) Test a5y
] PROCEDURE CHECK BY DATE
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224200 Q0| - 24-73
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| BERTEA

CORPORAT )

IRVINE ¢ CALIFORNIA

PRCCEDURE

PRCDUCT!ION 72

"~ DRAWN BY/péé///‘/ DATE/é’/‘g /2

CHECK BY DATE

————— .y 2

®

2242 [0 SERVO

VAL vVE ' \\
) FLUD: pi-H-Sos AT S0%20°F N\
AN
2)  fECOCD [ESULTS oN L4874 SHEE], semD &A/" N
| cfo/?}/ WITH UNT ANP FILE ONE cap)/ A\
n
n — —~ /T 1Y
- & o —r
| | ™ LT\ o
. R %'
55\:.— OUT” plotE” 4o ' SILVER SotDER
,0/”(4{, Fé)é///)? Feom 72 .
=¥}
® 7EST ,0 COC EDLCE PERUIECEMENTS
(L7, | : | _
/ /_\p{ég@; Srool AT /VEC/TEA;/», < =G —--/2026‘—':’—5?;95/
T 3or0 s/ AT FRESS,
| 2 ,CZ . ‘(7/46.55 W Syl PORTS Zo 70 Lo .S fyn ‘g}
FRESS | fgrcoep oyr POT7 fRES . Ny
2\ A | AT ool iNCREMENTS REF. oN4Y .
¢
4 '. =
|\FLow ,(EC_OA’D FLOW  pliTH CYL LIMITS PEE spH=e7 2 ‘
PORTS INTERLoNMNESTED | fECORD . ,4;— 2 o025 2020|
Zoco 51 AT PRESS. PORT - #oo5  2060|\)
LSE Pzs /95/ FOR = 022 + 0075  £a30 ,\3
Anp ovER 2,000 00|\
Z+.0/Z5  £|20 N
2140 | O
® - £./60 1\
:_1'./75 \\
z|cYe. CECORD VL. FRESSUEE | /o000 7O 2250 £/ WITH
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®

1)

2)

3)

— PRODUCTION

(BERTEA | sovamen ] Test oraune 2 4
PROCEDURE CHECK BY DATE
224250-T

DART VALVE CONTROLLER

THE 224250-101 DART VALVE CONTROLLER SHALI, MEET THE REQUIRE-

MENTS OF THIS SPECIFICATION.
RECORD .RESULTS ON A COPY OF THIS PROCEDURE.

CONNECT 115 VAC, 400 HZ, AND 28 VDC TO LIKE LABELED CONNECTORS
ON THE BACK PANEL OF THE CONTROLLER. REFER TO BERTEA DRAWING

NUMBER 224250 FOR PHYSICAL.LAYOUT OF CONTROLLER.

2242507T

OF

PG.

L0sZvee
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PRODUCTION

¢

MUST READ LESS THAN .2 MA,

.03 MA

p—————

[ CORPORAT te :
BERTEA | S92 | test_ 7 o sy _£id bats _____
PROCEDURE CHECK BY DATE
SELECTOR :
TEST . SWITCH PROCEDURE AND REQUIREMENT
INPUT GAIN By A) SHORT CIRCUIT BOTH "LVDT" SECONDARY
INPUTS.
. =
B) APPLY +10 vDC AT "COMMD". METER o
. (9
o
MUST READ 10 MA + .5 MA, N
C) REPEAT WITH -10 VIC
+ /O mMA - |O ma "
(o]
: (9]
D) WITH "COMMD" SHORTED METER MUST
o
READ LESS THAN .2 MA. i
. "O3 MA
E) RECORD "COMMD" VS "SWITCH MON" ON
X-Y RECORDER.
ACTUATOR Bin A) SHORT CIRCUIT "COMMD" AND LVDT
FEEDBACK INPUT ON BACK OF BOX.
GAIN -
B) APPLY 23.5 VAC (RMS) TO "LvDT"
INPUT ON FRONT OF BOX. s
S
S
C) REPEAT WITH 23.5 VAC (RMS) REVERSED.| =3
+ /O MA ~_ /O mA
D) WITH "LVDT" INPUT SHORTED THE METER




PRCDUCTION @90 76

®

—
CORPORAT
| BERTEA | S33san | Test oraw Y
PROCEDURE CHECK BY DATE
SELECTOR
TEST SWITCH PROCEDURE AND REQUIREMENT
VALVE BouT A) SHORT CIRCUIT "COMMD" AND ."LVDT"
FEEDBACK INPUT ON FRONT OF BOX.
GAIN
'B) APPLY 3.5 VAC TO “"LVDT" INPUT ON E
. , N
BACK OF BOX. METER MUST READ 10 MA g
. . ) N
_t 05 MA. il : o ;
C) REPEAT WITH 3.5 VAC REVERSED. .
' O
+ 100 MAn -~ 0.} MA '
. . (4]
: o
D) WITH "LVDI" INPUT SHORTED METER &
. MUST READ LESS THAN .2 MA. +,025ua
EXCITATION A) RECORD VOLTAGE AT "26 VAC" ON BACK
VOLTAGE OF BOX. MUST BE 26 + 1 VAC
27,5 vac
Ok Rlg
STEP SIZW By A) SHORT CIRCUIT BOTH "LVDT" INPUTS.
B) RECORD METER READINGS FOR THE
. ) ' %)
FOLLOWING STEPS. N
N
wn
(@]
LIGHTS  REQUIREMENT METER H
L5 $1.35 MA + [.§£5 MA
R4 <.15 MA +©.1S MA
. 0 MA .
L4 <.15 MA - 0./4 MA
RS >1.35 MA ~ (.35 MA
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| BER ==

CORPORATION
IRVINE  CALIFORNIA

PRODUCTION poa 77
TEST DRAWN BY ___ ¢ 7%, DATE

PROCEDURE CHECK BY DATE

®

SELECTOR : : .
TEST SWITCH PROCEDURE AND REQUIREMENT
STEPPING —_ A) APPLY 10 VvDC TO "COMMD".
RATE
- ‘ B) RECORD L5 VOLTAGE ON OSCILLOSCOPE.
| 5
C) SOLENOID MUST BE OFF FOR 12.5 + 1 g
N
MILLISECOND AND ON FOR 12.5 + 1
MILLISECOND.
' by
/2 Ms oN o
12 MS OFF <
NOTE: wiTw . OOIY , ar ExT " JR e "on” cairiT] B
N
N
D
N
(4]
o
3
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BEQ TEQ CORPORATION PAGE 79 224200-7
IRVINE - CALIFORNIA ORIG. REV.
DATE 2-28-73 DATE
TITLE DIGITAL CONTROL VALVE EVALUATION

APPENDIX B

TEST PROCEDURES

AT A AA



 BERTEA |

CORPORATION

- TEST
IRVINE CALIFORNIAJ PROCEDURE

PRODUCTION

DRAWN BY
CHECK BY

1)

2)

3)
4)

5)

6)

SUPPLY ———{ REGUL ATOR

TEST ALL 224200-T

BEFORE ASSEMBLING

PONENTS AS NOTED:

DART VALVES
SERVO VALVE

CONTROLLER

224200-T

SERVO ACTUATOR TO THIS PROCEDURE.

ACTUATOR ASSEMBLY PRETEST THE FOLLOWING COM-

228200T

22421071

22425071

USE MIL-H-5606 FLUID AT 80°+20°F.

RECORD RESULTS ON A COPY OF THIS PROCEDURE.

CONNECT TO HYDRAULIC SUPPLY USING

®  sors.

% INCH LINES AS NOTED BELOW:

RETURN -

REGULATOR

-3

OO0 P31

224200 -T

L{

OF

PG.

U

CONNECT TO 224250 CONTROLLER AS NOTED BELOW:

a) 115 VAC, 400 HZ TO THREE PRONG RECEPTACLES ON BACK OF

CONTROLLER.

b) 28 vDC, (2 AMP MINIMUM) TO DUAL RECEPTACLE ON BACK OF

CONTROLLER

S/N

L~00¢h2d2
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FRODUCTION 81

—
| BERTER | S32ay | Test oraim by ot

PROCEDURE CHECK BY DATE

c)

d)

£)

’ .

h)

‘6) (Continued)

CONNECT .00154 ACROSS "EXT C" ON BACK OF CONTROLLER.

CONNECT BOTH ACTUATOR AND SERVO VALVE LVDT PRIMARIES

(EXCITATION) TO 26 VAC DUAL RECEPTACLE ON BACK OF CONTROLLER.

CONNECT SERVO VALVE LVDT SECONDARY (SIGNAL) TO "SECONDARY"

DUAL RECEPTACLE ON BACK OF CONTROLLER.

CONNECT ACTUATOR LVDT_SECONDARY (SIGNAL) TO "LVDT" DUAL
RECEPTACLE ON FRONT OF CONTROLLER. OBSERVE COLOR CODING

ON WIRING HARNESS.

CONNECT DART VALVE WIRING HARNESSES USING LABELS AS.

CONNECTORS:

. PLUG LABLED 001 TO -001 DART VALVE

2, PLUG LABLED 002 TO -002 DART VALVE

3, L4, L5, R4, R5 TO LIKE LABLED RECEPTACLES ON FRONT OF

%“ CONTROLLER. NOTE ALL GROUND CONNECTION ON PLUGS MUST BE

' CONNECTED TO BLACK SIDE OF DUAL RECEPTACLE.

ENERGIZE CONTROLLER BY TURNING POWER SWITCH TO "ON".
BOTH AC AND DC POWER LIGHTS SHOULD BE ON. MONITOR LIGHTS

L4, L5, R4, R5 SHOULD BE ON.

22420Q -T

7 OF

PG.

/N

L~Q02n2ec
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| BERTEA |

IRVINE » CALIFORNIA

CCN?PCN?AJMDNJ,

PRODUCTION

TEST
PROCEDURE

DRAWN BY

82

DATE

CHECK BY

DATE

PART NO:

SERIAL NO: VALVE NO:

DATE :

'IIBM NO:

PART NAME

INSP:

TEST

REQUIREMENTS

RESULTS

ACC.

REJ.

1| OPEN LOOP

a) DISCONNECT PLUGS L4, L5,

..SUCH .AS TO .PRODUCE A

VALVE STROKE.

R4, R5 FROM FRONT OF
CONTROLLER AND APPLY 28
vDC TO ALL PLUGS., INTER-
RUPT POWER TO L5 (OR R5)

SERIES OF PULSE COMMANDS
TO DART VALVE, ACTUATOR
MUST FULLY EXTEND OR
RETRACT. VOLTAGE AT LVDT
SIGNAL ON REAR OF CON-
TROLLER MUST BE 3.5+.35
VAC AT EACH END OF THE

ACTUATOR
EXTEND

ACTUATOR
RETRACT

VAC

VAC

224200 =T

b)

CONTINUE TO CYCLE POWER

TO L5 (OR R5) AND RECORD
VOLTAGE AT LVDT SIGNAL ON
FRONT OF CONTROLLER. MUST
BE 23.5+2.3 VAC AT EACH
END OF ACTUATOR STROKE.

ACTUATOR
EXTEND

ACTUATOR
RETRACT

VAC

VAC

OF

PG.

2| INNER LOOP

FRONT OF CONTROLLER.

RECONNECT PLUGS 14, L5,
R4, R5 TO RECEPTACLES ON
FRONT OF CONTROLLER. DIS
CONNECT LVDT SIGNAL FROM
DEMOD
ON BACK OF CONTROLLER
MUST READ ZERO VDC FOR NO
INPUT COMMAND.

vDC

s/N

b)

" VALVE,

RECORD VOLTAGE REQUIRED
AT COMMAND TO FULLY

EXTEND AND RETRACT SERVO
MUST BE 10+.5 VDCl

ACTUATOR
EXTEND
ACTUATOR
RETRACT

vDC

vDC

3} OUTER LOOP

a)

RECONNECT ACTUATOR LVDT
TO SIGNAL INPUT ON FRONT
OF CONTROLLER. MONITOR
DEMOD ON FRONT OF CON-
TROTL.LER. MUST BE ZERO
VDC FOR NO INPUT COMMAND.

<
3

L~00¢h?Z273
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) CORPORAT
| BERTER | gagaemsy

TEST

) PRODUCTION
PROCEDURE

DRAWN BY

83

CHECK RY

DATE

DATE

PART NO:

SERIAL NO: - | VALVE NO:

DATE:;

"IEQINO:

PART NAME

INSP:

TEST

REQUIREMENTS

RESULTS

ACC.

(Cont.)

b) RECORD VOLTAGE REQUIRED
AT COMMAND TO FULLY
EXTEND AND RETRACT ACT-
UATOR. MUST .BE .10+.5
vDC.

ACTUATOR

EXTEND

ACTUATOR
RETRACT

vDC

vVDC

224200-T

FREQUENCY
RESPONSE

RECORD ACTUATOR AMPLITUDE
RATIO AND PHASE LAG USING
INPUT COMMANDS OF 7.5 V
AND .45 V PEAK TO PEAK.

HYSTERESIS

USING AN X-Y RECORDER PLOT
COMMAND VS ACTUATOR POSITION
FOR +7.5 V TO -7.5 V TO

+7.5 V.

4 or

RESOLUTION

USING AN X-Y RECORDER PLOT
COMMAND VS ACTUATOR POSITION
FOR +.8 V. T0O -.8 V TO +,8 V.

STEP

USING AN OSCILLOGRAPH RECORD
ACTUATOR RESPONSE TO SQUARE
WAVE INPUT OF 2 V PEAK TO
PEAK AT .5 CPS. REPEAT FOR
15 v at .1 CPS.

TRACKING

USING AN OSCILLOGRAPH RECORD
ACTUATOR OUTPUT IN RESPONSE
TO SINE WAVE INPUT OF 2 V
PEAK TO PEAK AT .5 CPS AND
15 v AT .1 CPS.

1PG.

S N

L-0Q72h27
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~ PRODUCTION
FBEF? TEQ .Sﬁ;@?%ﬂﬁ%ﬁﬁ ) TEST DRAWN BY /'9 ﬁ// ad DATEM Z
PROCEDURE CHECK BY DATE
¢ D242 (O SERLVO

VAL VE

1) FLUD:. pMI-H- 5605 AT 8&220”?

2) RECOEDL KESWLTS on LDATH SHEE], SeMD oNE

cCOPY WITH UNT AND FILE ONE COPY!
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REV.
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1)

2)

3)

DART VALVE CONTROLLER

- PRCDUCTION
ORPORATION
LEE./ {1 TEA I(R:VINE-CALlFORNIAj TEST DRAWN BY Riq DATE .
PROCEDURE CHECK BY DATE
224250-T

THE 224250-101 DART VALVE CONTROLLER SHALL MEET THE REQUIRE-

MENTS OF THIS SPECIFICATION.

RECORD RESULTS ON A COPY:0OF THIS PROCEDURE.

CONNECT 115 VAC, 400 HZ, AND 28 VDC TO LIKE LABELED CONNECTORS

ON THE BACK PANEL OF THE CONTROLLER. REFER TO BERTEA DRAWING

NUMBER 224250 FOR PHYSICAL LAYOUT OF CONTROLLER.

224250T

OF

PG.

L0scC¥ee




PRODUCTION

87

®

MUST READ LESS THAN .2 MA.

—
CORPORAT b
| BERTER | S3T2aaen | xest oraun z_£44 ooz
PROCEDURE CHECK BY DATE
SELECTOR
TEST -SWITCH PROCEDURE AND REQUIREMENT
1 INPUT GAIN Brn A) SHORT CIRCUIT BOTH "LVDT" SECONDARY
INPUTS.
B
B) APPLY +10 VDC AT "COMMD". METER 2
N
<
MUST READ 10 MA + .5 MA, N
~C) REPEAT WITH -10 VDC
4 MA ~_ MA o
O
N
D) WITH “"COMMD" SHORTED METER MUST
o
READ LESS THAN .2 MA. =
MA
E) RECORD "COMMD" VS "SWITCH MON" ON
X-Y RECORDER.
2 | ACTUATOR BIN A) SHORT CIRCUIT "COMMD" AND LVDT
FEEDBACK . INPUT ON BACK OF BOX.
CATN g B). APPLY 3.5 VAC TO "LVDT" INPUT ON
BACK OF BOX. METER MUST READ 10 MA
+ .5 MA, N
b N
NS
N
| | &
C) REPEAT WITH 23.5 VAC (RMS) REVERSED.| ¥
+ MA -~ MA
D) WITH "LVDT" INPUT SHORTED THE METER
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PRODUCTION

88

@

CORPORATION ?a
(| BERTERA | sozngmasan | Test oraa 5 B2 AT
PROCEDURE CHECK BY DATE
SELECTOR
TEST SWITCH PROCEDURE AND REQUIREMENT
VALVE BoyT A) SHORT CIRCUIT "COMMD" AND "LVDT"
FEEDBACK INPUT ON FRONT OF BOX.
GAIN |
B) APPLY 3.5 VAC TO "LVDI" INPUT ON B
[Te}
BACK OF BOX. METER MUST READ 10 MA g
) N
+ .5 MA. (
C) REPEAT WITH 3.5 VAC REVERSED.
8
+ MA - MA
(3]
o
D) WITH "LVDT" INPUT SHORTED METER &
MUST READ LESS THAN .2 MA.
EXCITATION A) RECORD VOLTAGE AT "26 VAC" ON BACK
VOLTAGE OF BOX. MUST BE 26 + 1 VAC
VAC
STEP SIZE B A) SHORT CIRCUIT BOTH "LVDT" INPUTS.
B) RECORD METER READINGS FOR THE
N
FOLLOWING STEPS. X
N
o
o
3

LIGHTS REQUIREMENT METER

L5 >1.35 MA MA
R4 <.15 MA MA
_ 0 MA |

L4 <.15 MA MA
R5 >1.35 MA MA
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CORPORATION PRODUCTION R8a
BERTEA IRVINE » CALIFORNIA TEST DRAWN BY 7% DATE
CEDURE
PRO CHECK BY DATE
SELECTOR
TEST . SWITCH PROCEDURE AND REQUIREMENT
STEPPING . A) APPLY 10 VDC TO "COMMD".
RATE
-" B) RECORD L5 VOLTAGE ON OSCILLOSCOPE.
v g
Q
C) SOLENOQID MUST BE OFF FOR 12.5 + 1 x
N
MILLISECOND AND ON FOR 12.5 + 1
MILLISECOND.
' x4
MS ON ©
MS OFF =
o
a7
N
N
o
N
(9) ]
o)
=]




| BERTEA

CORPORATIO
IRVINE « CALIFORNIA

TEST DRAWN . BY

§] PRODUCTION
PRCCEDURE CHECK BY

3o

90

DATE

DATE

1. TEST ALL 228200 DART VALVES TO THIS PROCEDURE.

2. TEST VALVE SLIDES TO 228212-T.

3. USE MIL-H-5606 FLUID AT 80 + 20°F, 3000 PSI.

4. PERFORM TESTS IN ORDER NOTED.

5. RECORD RESULTS ON A COPY OF THIS PROCEDURE.

6. FLOW IS OUT OF B PORT 'WHEN ONLY "THE "UPPER 'SOLENOID IS "ENERGIZED; *

OUT A WHEN ONLY LOWER IS ENERGIZED .

PORT LOCATIONS (REF)

BOTTOM VIEW

ELECTRICAL CONNECTOR

-

+

PTOZ H-10-6P

¢8VhC
SOURSE

228200T

1 ofF §

PG.

1002822
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TRIM

f PRODUCTION
| BERTER | Saensman | Test ory 5v_Ra
PROCEDURE CHECK BY DATE
‘ TEST PROCEDURE REQUIREMENT
1. | SOLENOID
.003% 0003

] - B
(@]
(@]
[o}]
(00
(9]
N
-- 5
- L_l UPPER SOLENOID
( j LOWER SOLENOID
v
[aT]
2. | RESISTANCE | MUST BE 50-60 OHMS BETWEEN A-B a
. A-B OR B-C B-C a
MUST BE 550~650n BETWEEN D-E n
D-E OR E-~F E-F a
3.| SOLENOID RECORD PULL~IN AND DROP-OUT PULL-IN
L
TIME VOLTAGE AND CURRENT. 3 MS UPPER MS | W
' CONSTANT MAX PULL-IN, 4 MS. MAX DROP- LOWER MS
OUT. SET SUPPLY PRESSURE DROP-OUT
AT 3000 PSI UPPER MS
LOWER MS
.
®
4.| INTERNAL APPLY 28VDC TO BOTH SOLE- A CC/MIN X
X . S
‘ LEAKAGE NOIDS. MEASURE LEAKAGE AT B cc/MIN P
A, B, AND R, 10 CC/MIN MAX R CC/MIN

EACH PORT




92

CHANGE IN LEAKAGE AT R
WHEN 2000 PSI IS APPLIED
AT A, REPEAT FOR LOWER

VALVE.

(- PRODUCTION
BERTER | ST | Test o oy _BEA pae
\ » PROCEDURE
CHECK BY DATE
‘ 5.| ORIFICE APPLY 28VDC TO UPPER SOLE- A CC/MIN
SIZE NOID. FLOW AT A MUST BE B CC/MIN
1650 TO 2000 CC/MIN. REPEAT
FOR B.
e
o
- . R
6.| SWITCH APPLY 28VDC TO UPPER SOLE- A PSI X
N . . N
POINT NOID. RESTRICT FLOW AT A. B_ PSI
MEASURE BACK PRESSURE FOR
_ , )
1200 CC/MIN. o
™
7.| INTER- MEASURE FLOW FROM R DURING () CC/MIN 3
o1
FLOW ABOVE TEST. REFERENCE (B) CC/MIN
. ONLY.
CONNECT DART VALVE ASSEMBLY TO SK 51772 RESPONSE ACTUATOR. USE
228240-101 HARNESS TO CONNECT DART VALVE TO 224250 CONTROLLER TEST
CONTROLLER PER 228250T BEFORE USE.
2
CYLINDER BORE +ROD +AREA o
8.| DIGITIZER | APPLY 300 PSI TO P WITH A CC/MIN
LEAKAGE ONLY LOWER SOLENOID B CC/MIN N
: (e8]
N
ENERGIZED. MEASURE 8
=
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PRODUCTION ‘
POR r3 2 o
[BEQTEF-? Son .CC’AL%R’&J TEST prawn BY 250X DATE ____
’ 9. DRIFT ENERGIZE BOTH SOLENOIDS.
MEASURE ACTUATOR DRIFT . IN/SEC
RATE .

10.

APPLY 3000 PSI TO PRESSURE PORT. MONITOR VELOCITY TRANSDUCER ON

OSCILLOGRAPH. WITH UPPER SOLENOID ENERGIZED RECORD TURN-ON AND

TURN-OFF FOR LOWER SOLENOID. REPEAT WITH LOWER ENERGIZE. RECORD

SOLENOID VOLTAGE AND CURRENT, VELOCITY AND POSITION OF RESPONSE
2

ACTUATOR. (180 MV/IN/SEC/.196IN“ = 920 MV/IN3/SEC = 1 MV/CC/MIN)

ATTACH RECORDING TO TEST RESULTS. IDENTIFY AS NOTED BELOW.

a SOLENOID
VOLTAGE

ﬁ\\\ SOLENOID

CURRENT

/\\L‘ ’ VELOCITY
TRANS DUCER

POSITION
TRANSDUCER

\.

228200T

OF

PG.

L00Z82Z¢C
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—~ : PRODUCTION .
| BERTER | Sonmingn ) Test oraum 5y RICK bas
; PROCEDURE CHECK BY DATE
?Xl. DIGITIZER TRIM DIGITIZER STOPS TO UPPER INj
TRIM OBTAIN NOTED STEP SIZES. LOWER N
AT 40 STEPS/SEC.
. S/N COUNT SIZE E
. o
001 1 .00137 ®
N
002 5 .00684
MUST AGREE WITH +10%
8
w
O
[a1]
2
N
2}
N
N
[0 8]
N
(@]
o
H
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,
CORFOR
| BERTER | SR2aen

PRODUCTION
} TEST DRAWN BY DATE
PROCEDURE DATE

CHECK BY

TOP_ VIEW

PORT LOCATION

DART VALVE SLIDE TEST

TEST BOTH UPPER AND LOWER LAP ASSEMBLIES TO THIS PROCEDURE.

TEST DIGITIZER ASSEMBLIES PER 228220-T BEFORE INSTALLING IN VALVE

DO NOT APPLY MORE THAN

2.
HOUSING.

3. USE MIL-H-5606 FLUID AT 80° + 20°F.
1500 PSI TO TEST FIXTURE.

4.

RECORD TEST RESULTS ON A COPY OF THIS PROCEDURE.

[ J
(s}

OPPOSITE SIDE

D C
UPPER VALVE P"—-l;“
PORTING (REVERSE I —— ——
A & B FOR LOWER ) — T Hh—1— =
VALVE) : = B PR
R B
TR

SET MICROMETER AT ZERO
WITH SLIDE SHOULDER FLUSH
WITH THIS FACE

228212-T

OF

PG.

SN

L—-2128¢¢
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UPPER VALVE (MAINTAIN LOWER SOLENOID ENERGIZED)

8. MEASURE VALVE STROKE TO "+" AND "-" STOPS, MUST BE .090 + .003
IN “PLUS DIRECTION.

RECORD READING + INCHES
: - INCHES

[ CORPORATION PRODUCTION
1t BEQTEF? IRVINE » CALIFORNIA TEST DRAWN BY DATE ______
PROCEDURE CHECK BY * DATE
’TLOWER VALVE (Continued)

7. WITH VALVE AT "-" STOP. RECORD PRESSURE AT B TO MOVE DIGITIZER
PISTON. '
INCREASING PST TO START PSI TO BOTTOM
DECREASING PSTI TO START PSI TO RESET

228212-T

9. APPLY 700 PSI TO A. VENT P, R, B, AND C.

EXTEND VALVE SLIDE AND MONITOR 2WDT OUTPUT. RECORD VALVE POSI-
TION WHICH CAUSES DIGITIZER PISTON TO BOTTOM. RETRACT VALVE
SLIDE AND RECORD POSITION WHICH ALLOWS DIGITIZER PISTON TO RESET.
(TO AVOID LEAKAGE INTERFERENCE, THE RECORDED SLIDE POSITIONS
SHOULD CAUSE THE DIGITIZER TO EXTEND OR RETRACT IN LESS THAN

1 SECOND.) MUST AGREE WITH FIGURE 1.

IN TO BOTTOM DIGITIZER IN TO RESET

OF

PG.

10. APPLY 200 PSI TO C. VENT P, R, A, AND B. EXTEND VALVE SLIDE
AND RECORD POSITION FOR APPROXIMATELY .1, .2, .3, .4, .5, 1,
AND 2 GPM AT B OR R. MUST AGREE WITH FIGURE 1.

FLOW AT R - FLOW AT B

IN GPM IN GPM
IN GPM IN GPM
IN GPM IN GPM
IN GPM IN GPM
IN GPM IN GPM
IN GPM IN GPM
IN GPM IN GPM

s/N

o

ll.' APPLY 200 PSI AT P. RECORD LEAKAGE AT R FOR VALVE SLIDE FULLY
RETRACTED AND  FULLY EXTENDED. RECORD AT C.

i

i cc/MIN AT “+" STOP ‘' cc/MIN AT "-" STOP
CC/MIN AT C

L=-2128¢C¢
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( PRCDUCTION
| BERTERA | s33aism ) Test Ry B ome__
PROCEDURE CHECK BY DATE

‘ﬁLOWER VALVE (MAINTAIN UPPER SOLENOID ENERGIZED)

CC/MIN AT R CC/MIN AT A

APPLY 1500 PSI AT A. RECORD LEAKAGE AT R AND B FOR VALVE SLIDE
AT "4+" STOP.

CC/MIN AT R CC/MIN AT B

1. MEASURE VALVE STROKE TO "+" AND "~-" STOPS. MUST BE .090 + .003
IN PLUS DIRECTION.
RECORD READING + INCHES
- INCHES
2. APPLY 700 PSI TO B. VENT P, R, A, AND C. B
AN
—~
EXTEND VALVE SLIDE AND MONITOR 2WDT OUTPUT. RECORD VALVE POSI- 3
TION WHICH CAUSES DIGITIZER PISTON TO BOTTOM. RETRACT VALVE q
SLIDE AND RECORD ‘POSITION WHICH ALLOWS DIGITIZER PISTON ‘TO RESET. . :
(TO AVOID LEAKAGE INTERFERENCE, THE RECORDED SLIDE POSITIONS
SHOULD CAUSE THE DIGITIZER TO EXTEND OR RETRACT IN LESS THAN 1
SECOND.) MUST AGREE WITH FIGURE 1.
: <9}
IN TO BOTTOM DIGITIZER IN TO RESET| ©
3. APPLY 200 PSI TO C. VENT P, R, B, AND A. N
O
EXTEND VALVE SLIDE AND RECORD POSITION FOR APPROXIMATELY .1, .2, -
.3, .4, .5, 1, AND 2 GPM AT A OR R. MUST AGREE WITH FIGURE 1.
‘ FLOW AT R ‘ FLOW AT A
IN GPM IN GPM
IN GPM IN GPM
IN GPM IN GPM
IN GPM IN GPM
IN GPM IN GPM
IN GPM IN GPM -
IN GPM IN GPM S
4. APPLY 200 PSI AT P. RECORD LEAKAGE AT R FOR VALVE SLIDE FULLY
RETRACTED AND FULLY EXTENDED. RECORD FLOW AT C.
CC/MIN AT "+" STOP CC/MIN AT "-" STOP o
' ‘ CC/MIN AT C o
~
5. APPLY 1500 PSI AT B. RECORD LEAKAGE AT R AND A FOR VALVE SLIDE N
AT "+" STOP. : =
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| BERTEA e

] PRODUCTION

TEST DRAWN BY DATE
PROCEDURE CHECK BY DATE
.lPPER VALVE (Continued)
12. APPLY 1500 PSI AT A. RECORD LEAKAGE AT R AND B FOR VALVE
SLIDE AT "+" STOP.
CC/MIN AT R CC/MIN AT B
13. APPLY 1500 PSI AT B. RECORD LEAKAGE AT R AND A FOR VALVE SLIDE £
AT "+" STOP. &
~
CC/MIN AT R CC/MIN AT A @
-ON
14. WITH VALVE AT "-" STOP RECORD PRESSURE AT A TO MOVE DIGITIZER
PISTON.
INCREASING PSI TO START PSI TO BOTTOM o
DECREASING " PSI TO START PSI TO RESET ©
<
O
7]
SOLENOID || A
' COMMON _1 B
TF 230112
(CHECK PER 230112-T) SOLENOID__{ C
] O O -0 0O
— |4 2 5
26V_400HZ | = & e B O 4 D =z
5 2 2
& ; | E
Ve { F
= o o - O O— 4 1
ZTO MATE N
WITH e
: PTO2H-10-6F 1
DC . )
VOLTMETER H
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BERTEA | sarewaa )

—

PRODUCTION
TEST

DATE
DATE

DRAWN BY
CHECK BY

PROCEDURE

\.
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' i PRODUCTION
LEEF?TEF? /.Eﬁ’.@ﬁ?ﬂ%ﬁ';{} TEST DRAWN BY 7A—F'r‘)CK'?ELL DATE /=12-72
PROCEDURE CHECK BY /5 (<"  DAtE /P47 2
' | 228220 DIGITIZER
/) FLUID: MIL-R-5606 AT 80f 20 F B
2)  ASSEMBLE 228220 VALVE ASSEMBRYU O
INTO TF 222220 USING 228226 CAR |5
 933GO SPRING, 228228 SEAT AUD 0
2R 2R3O ST ORP. ‘ N
?)  prroep RESULTS o/ DATA SHEET, serp on— N
CoPyY WITH UNMIT AMD FIE cNE o) &
PORT A POR‘\"E: | ol <
S L TF228220 i | N
:ll : E ! ; / | —_—
11 - ;
! oot &
(S BIEp
I oo il -
e r_ L]
\\'k
- Yo W Y
w3 X \“\
—® Q\‘)
| X
— - e | ®
| ' |
»--———--—I@-———»——-—::r ) N
I p
- — W
| — = W
| ! (‘3
A — o
l S00 ‘ I O
| | :—— 2\35 S0 CONNECTOR Asay|
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PRODUCTION AN g
(55/:;7—5/_7 / Igmﬁcngggu) TEST DRAWN BY FACKRE LL. pars 7-12-77%
/ PROCEDURE CHECK BY /2 flerin”  DATE/O—L~7%
PO RT - .
@ ,
5CO PS\| OPEN ATERRNA
| Proor B NO EXTERNAL
OPEN [3000 PS1| LEAKAGE IN 2 MINUTES ||
o | . O
2 |[LEAKAGE 3Po5o‘ | OPEN | 2 €¢/MIN MAXIMUM ~N
N
S L5050 OHMS PER COIL @
RESISTANCE . - N
_ NIl
CONNECT COIL LEADS TO 212550 CONNECTOR ASSY, N
ATTACH TO TF213%00 » ) E§
By
MEASURE AC (RMS) CURRENT]| °
ATION
4. :‘_’;C;:RTE NT AT THE EXCITATION TERMINALS| O
| OF TF213500. S0 MA MAX. | ¢
RECORD PRESSURE VS VOLTAGE
€ RE| AS
5 ZET?E@G reop | OFEN | 0 TO 1000 Psi (SEE SHEET
q ‘ 4 OF 213500-T)
APPLY 500 VAC (GO HZ)
C DIELECTRIC ‘NO ARCING OR INSULATION
STRENGTH BREAKDOWN IN ONE
MINUTE.
|00 MEGOHMS MINIMUM
ON _
7 g\\‘ESST)EL;Tf\::\)C_E WITH 500VDC BETWEEN
COILS AND HOUSING.
N
N
00
N
N
O
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