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Section |
Introduction

The MTS Series 290 Hydraulic Service Manifolds (HSM) are units
designed to be inserted in the hydraulic lines between a hydraulic
power supply (HPS) and servovalve(s).

1
| 1.1 Functional Description

The basic concept of the Series 290 HSM design is to provide line
pressure regulation and auxiliary control functions in a small,
easily implemented package. Size and weight have been kept to
the minimum commensurate with operating safety. Additionally,
provisions have been made to permit the addition of certain
control functions for line isolation, pressure control and load abort
as an option package. In Series 290.1X HSM units, the pilot
pressure circuit is also an available option. Porting of the main
pressure supply circuit and the return circuit has been increased to
permit simultaneous hydraulic fluid supply to more than one
servovalve without extensive plumbing.

|
§
é

Consideration has also been given to design requirements from a
service aspect. Components are located to provide maximum ease
of access within safety limits. Control devices have been kept as
simple as possible while still providing optimal regulation.
Depending on the specific model, the HSM incorporates the
following functions:

e All models provide fluid filtration in addition to that
furnished by the hydraulic power supply. A port is provided
to permit drainage of the main filter and (if so equipped) the
pressure control valve to reduce hydraulic fluid spills during
service.

e All models provide accumulators in both the pressure and
return lines, permitting energy storage and reduction of
pressure fluctuations.

e All models are equipped with a push-to-read valve-isolated
pressure gage which allows monitoring of output pressure. ‘\
When the valve button is released, output pressure is |
removed from the gage, and the gage is ported to the drain |
line to reduce the possibility of gage damage from rapid
pressure variations.

e All models have auxiliary pressure and return ports for

operation of additional actuators and system hook-up
versatility.
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e Most models provide hydraulic control functions for pressure
off, low pressure, and high pressure modes. These models
have a fast pressure unloading feature which permits rapid
removal of pressure from the servovalve in the event of an
abnormal condition or emergency shutdown. An added
accumulator provides slow turn-on/turn-off of pressure
during normal operation. This allows smooth pressure
transitions from off to low, low to high, and high to low
modes. Units equipped for hydraulic control allow complete,
independent control of individual channels or systems which
are deriving hydraulic pressure from a common HPS.

e Most models have a separately filtered, accumulator
equipped output for operation of the pilot stage in multi-
stage servovalves.

The following list of major components is arranged in the order in
which hydraulic fluid generally flows through the Series 290 HSM.
The list includes all models and options. Refer to Table 1-1 for
model variations. Figures 1-1, 1-2 and 1-3 illustrate the locations
of these components for each model group.
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e Inlet check valve: may be mounted internally or externally,
depending on the HSM model. The valve prevents fluid from
flowing backward through the main filter and causing reverse
pressure damage.

e Main filter: provides 74 micron filtration of the fluid in
addition to filtration provided by the HPS. This filter helps
prevent large contaminants from reaching the servovalve(s)
with minimal pressure drop across the filter.

e Pressure control manifold: contains a low pressure level
control valve, low and high pressure solenoids, a main
pressure control spool, and a slow turn-on/turn-off
accumulator.

e Pressure accumulator: provides energy and volume storage
and reduces pressure fluctuations in the pressure line.

® Pressure gage and valve: provides push-to-read indication of
the outlet pressure. Releasing the isolation valve button
causes the gage to be disconnected from the pressure line
and connected to the drain line, protecting the gage from
cyclic pressure fluctuations and high pressure spikes.

e Return line accumulator: reduces pressure fluctuations in
the return line.

e Pilot pressure filter: provides 3 micron (absolute) filtration
for fluid being applied to the pilot stage of multi-stage
servovalve(s). The filter is equipped with a pop-up indicator
which signals a dirty filter condition. Electrical switch
activated indication is available as an option.

e Pilot pressure accumulator: provides energy and volume
storage and assists in maintaining relatively constant
hydraulic pressure at the servovalve pilot control sections.

® Pressure and return ports: each are dual ports for pressure
and return line connection.

e Drain ports: are dual inlet ports for incoming drain lines, A
larger outlet port is provided for connecting the HSM to the
HPS.

Certain options may be available which include different
filtration, reduced pilot pressure, electrical switch sensing of
pilot pressure filter condition and different sized accumulators.
Contact MTS Systems Corporation for additional information
concerning available options.



1.2 Specifications

Figure 1-4 illustrates the flow versus pressure drop as measured
from the main pressure inlet port to the main pressure outlet port.
This graph assumes that filter elements are clean. The graph
shows that a rapidly increasing pressure drop results as flow rates
progressively exceed the recommended maximum rate.

Table 1-1 summarizes the standard Series 290 HSM units,

functions, and differentiating specifications.

DIFFERENTIAL PRESSURE (MPa)
03 05 07 09 10

100
PERCENT /
OF

RATED FLOW /
50

50 75 100 125 150

DIFFERENTIAL PRESSURE (psi)
SM-K128

Figure 1-4. Flow Characteristics
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Section |l
Operation

Operation of the Series 290.XX HSM includes the control functions
which can be selected (in some models) by remote units, and
variation of the delivered pressure level when operating in low
pressure mode. Additionally, all 290.XX units are equipped with a
manually operated gage. The following subsections describe the
control devices in detail.

2.1 Controls and Indicators

Figures 2-1, 2-2, and 2-3 illustrate the locations of the following
control and indicator devices in the 290.1X, 290.2X, and 290.3X
HSM assemblies respectively. The following descriptions discuss
the detailed function of each control and indicator. Not all of
these controls and indicators are available on all models.

® Pressure gage valve: used to port the pressure gage to the

pressure output line. When the valve button is released, the

valve disconnects the gage from the pressure output line and

connects the gage to the drain line. This isolates the gage

. from the pressure output line, protecting it from cyclic
pressure fluctuations during system operation.

¢ Pressure gage: permanently connected and available for
monitoring the system hydraulic pressure. Operation of this
gage is controlled by the pressure gage valve.

e Low-pressure solenoid valve: operated from the control
panel or control unit. When energized alone, this valve
permits low-pressure fluid to be developed by the main
control valve and ported to the servovalve.

e High-pressure solenoid valve: operated from the control
panel or control unit. When energized in conjunction with
the low-pressure solenoid valve, this valve permits the main
control valve to open completely and port high-pressure fluid
to the servovalve.

® Main control valve: hydraulically operated by the control
circuitry. When the low pressure solenoid valve is energized,
low pressure in the control manifold internal control circuit
is applied to a pilot port at one end of this valve. The valve
modulates the fluid flow from the HPS such that reduced
pressure is maintained. If the high pressure solenoid valve is
then energized, full system pressure is applied to the control
circuitry, opening the valve completely and allowing full
flow at full system pressure.
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e Low pressure adjustment: a variable orifice which regulates
the output pressure of the HSM in the low pressure mode.

e Pilot filter AP indicator: a pop-up type indicator which is
activated when the pilot filter becomes sufficiently dirty to
cause a 35 psi (0.241 MPa) pressure drop across the filter.
An approximate 50 psi (0.345 MPa) pressure drop across the
filter causes the filter head to bypass the fluid past the
filter.

Pilot Filter
AP Indigator

%

Pressure Gage ®

Pressure Gage | Q
Valve °
ﬁ p f)“l;:f: iu-
115 Vac o) ONLY - (1 ]
Low-Pressure OI ) @ —
Solenoid Vaive o
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115 Vac Adjustment L]
High-Pressure
Solenoid Valve r—— —— - —<——=
r YN Main Control Valve
<@L
| 0
. 24Vde L= - 24 Vde SM-G1878
High-Pressure Low-Pressure
Solenoid Valve Solenoid Valve

Figure 2-1. 290.1X Control and Indicator Locations
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Figure 2-2. 290.2X Control and Indicator Locations
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2.2 Basic Manifold Operation

HSM Models 290.11, 290.12, 290.21, and 290.31 operate as basic
filtration, distribution and accumulator manifolds with no control
functions. Once installed, these units function without operator
adjustment and require only routine maintenance. Models 290.13,
290.14, 290.22, and 290.32 contain additional control valves and
pressure regulation devices. These latter units provide control of
fluid flow, pressure, and in the case of multiple HSM units
connected to a common HPS, separate channel control.

The control valves are normally connected to an external control
panel or control unit which provides switches, indicators, and
interlocks. Low-pressure, high-pressure or pressure—off conditions
can therefore be selected at the appropriate control device.

NOTE

On Series 290 HSMs which are equipped to
provide pilot pressure, turning pressure on and
off, or changing between low and high output
pressure, does not affect the pilot pressure
output. Pilot pressure is always present, as
long as pressure is available from the HPS.

2.3 Hydraulic Control Valve and Setting Low Pressure

The pressure delivered in high-pressure mode is determined by the
HPS output pressure. Refer to the operation section of the
appropriate HPS manual for instructions on setting this level. In
low-pressure mode, the pressure delivered is determined by the
setting of the low pressure adjustment noted in Figures 2-1, 2-2,
and 2-3. This setting can be changed by the following procedure.
Equipment required includes a 9/16-inch open end wrench and a
3/16-inch hex key.

1. Turn on the system electrical power. Adjust the system
controller to provide a zero dc error. Activate the HPS in
high-pressure mode.

2. Activate the HSM in low pressure mode. Push the HSM
pressure gage valve button to check the present low pressure
setting.

3. While holding the setting of the low pressure adjust with the
3/16-inch hex key. Turn the locking nut a half turn
counterclockwise.

4. Press the pressure gage valve button. Using the hex key, set
the pressure to the desired level, as registered on the gage.
Clockwise rotation increases pressure.




5. Tighten the locking nut a half turn clockwise, holding the
setting of the low pressure adjustment with the hex key.
Check the pressure at the gage. If necessary, repeat steps 3
through 5 to improve the accuracy of the setting.

6. Turn off the system.

2.3.1 Slow Turn-On/Turn-Off

3000/ ——
21
{nominal)

Pressure
(Psi/MPa)

~— Low
Setting

The structure of the control manifold in the HSM is such that,
when the system is turned on and low pressure is selected, low
pressure is applied to the servovalve in a controlled manner rather
than as a sudden step. When the operator selects a shift to high
pressure, the control manifold accomplishes this change as a
smooth transition, rather than as a step function. Pressure
reductions are also accomplished as smooth transitions. Figure 2-4
illustrates the resulting pressure transitions.

’\

Fuli-Flow

Valve »
Opening

150 ms
le— Fast

Pressure

Unload

((d (¢

Off  Low High Low Hyd

)Yl ))’

Emergency Stop,
Oft Interlock Open,
Power Failure

CONTROL MODES (time)

LA-H102

Figure 2-4. Pressure Transition Curves

2.3.2 FastPressure Unloading

As shown in Figure 2-4, the fast pressure unloading feature in the
HSM control manifold permits high pressure to be decreased
rapidly. This is accomplished by de-energizing both the on-off and
high-low solenoid valves simultaneously, which turns off the input
fluid flow and ports the output pressure line to the return line.
Control of fast pressure unloading is usually assigned to the
emergency stop circuits or similar control devices.
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2.4 Pilot Function

Most Series 290 HSMs are equipped with a hydraulic circuit which
will provide separately filtered fluid at HPS pressure to operate
the pilot stage of multi-stage servovalves. This portion of the
HSM operates automatically and requires only routine
maintenance. See Section I of this manual for detailed service
requirements and procedures.

NOTE

On Series 290 HSMs which are equipped to
provide pilot pressure, turning pressure on and
off, or changing between low and high output
pressure, does not affect the pilot pressure
output. Pilot pressure is always present, as
long as pressure is available from the HPS.

2.5 Operation from a Control Panel or Control Unit

Those models of the Series 290 HSM which contain a control
manifold are typically operated remotely from the system
hydraulic pressure control switches. The manifold design requires
the HSM to be switched to low pressure from the off condition.
Thus, the sequence to obtain a high pressure HSM output is from
off to low to high. Pressure is then reduced by returning to low
pressure mode. Smooth pressure transitions between one mode and
another are provided automatically by the HSM. Pushing the
Emergency Stop or Hydraulics Off pressure control switches
causes the HSM to turn off input hydraulic pressure and connect
the pressure output to the return line. Using the Emergency Stop
switch usually also causes the HPS to shut down.




Section il
Service

The Series 290 HSMs require limited maintenance. Items requiring
periodic service include the main filter, the pilot filter (in models
equipped to provide pilot pressure), and the accumulators.
Additionally, a solenoid valve may occasionally require
replacement.

3.1 Hydromechanical System Precautions

This product contains certain devices which either require special
handling, present possible hazards to the user, or can be damaged
or cause damage to other system components if improperly used.
The next two subsections discuss basic areas where caution must
be observed, the proper methods to be employed in these areas,
and the possible consequences of ignoring the cautions.
Procedures in this manual contain additional specific warnings and
cautions where appropriate.

3.1.1 General Hydromechanical Precautions

Hydraulic systems contain equipment which can be hazardous to
personnel and damaging to equipment if improperly used or
handled, due to the capacity for rapid and forceful movement.
Therefore, the user should be thoroughly familiar with the
following warning.

/\WARNING /I\

Depending on system configuration and cur-
rent usage, performance of calibration, main-
tenance, or repair procedures with the hy-
draulic system operating can result in damage
to equipment or injury to personnel due to
unexpected actuator movement. Turn on the
hydraulic system only when, and to the extent,
instructed. Use the following guidelines any
time hydraulic systems are active.

e Turn off the hydraulic system whenever direct contact with
the actuator is required. Reactivate the hydraulic system
only when all personnel are clear of contact with the
actuator,
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Unless specifically instructed otherwise, remove from the
test area all devices which can be damaged by full force,
rate, distance, or rotational movement of the actuator to
either extreme.

Hydraulic system fluids can be irritating to skin, will irritate
eyes, and are poisonous if taken internally.

Hydraulic systems operate at high pressures (typically in
excess of 100 psi). Spray from a leak can cause cutting or
piercing (hypodermic) injuries. Test newly connected
equipment only when personnel are cleared away from the
area. Test first at low pressure, if available.

Use only specified parts for replacement. Ordinary low-
pressure pipe and fittings (such as brass, copper, or cast iron
fittings or tubing found in hardware stores) are not suitable
for typical hydraulic or pneumatic pressures and may rupture
explosively when pressurized, Plumbing fittings, tubing, and
hoses used in this system must be rated for the anticipated
operating pressures.

If part suitability is in question, contact the local MTS
service representative or the Service Division, MTS Systems
Corporation.

Do not permit untrained personnel to access, work on, or
operate the system.

3.1.2 Accumulator Servicing Precautions

Personnel performing maintenance or repair procedures which
involve working with accumulators should be thoroughly familiar
with the following warning.

/\ WARNING A\

Damage to equipment or injury to personnel
can result from charging accumulators with
gases other than pure ("commercial grade),
("dry") nitrogen gas. Observe the following
guidelines when working with accumulators.

Completely discharge both gas and fluid pressure from an
accumulator before removing any parts except the gas valve
protective cap(s). Charged accumulators and their parts can
become lethal projectiles if disassembled while under
pressure.




RV

Exercise caution during recharging, since a nitrogen supply
bottle may be charged to pressures greater than 3000 psi (21
MPa). The accumulators supplied by MTS Systems are rated
for 3000 psi (21 MPa) working pressure, and must not be
charged above this level. Gages, fittings, transfer hoses, or
other system components can also be damaged by extreme
pressure. Use of a suitable regulator and gage set is required
(although not supplied by MTS Systems Corporation) and is
assumed in procedures in this manual.

Use only dry nitrogen in procedures requiring charging of

.accumulators.

The maximum pressure accumulator precharge ratio for
operating this product is six system pressure units to one unit
of precharge pressure (6:1) to reduce the possibility of
accumulator damage. This ratio can be diminished
(approaching 1:1) but not expanded.

Transfer of gases from high- to lower-pressure containers
causes refrigeration which can be sufficient to freeze skin.
Wearing of heavy gloves and safety glasses is recommended
when working with pressurized gases.

Open the regulator output valve only enough to permit a low
velocity and volume of gas flow. Rapid flow rates, with a
pressure differential of more than 300 psi (2 MPa) across an
input check valve, can cause damage to the valve seals.

Venting of pressurized gas can generate sounds which can
cause damage to, or loss of, hearing. Use proper precautions
(ear plugs or other hearing protection devices) when venting
or transferring gases.

Use pressurized gases only in well-ventilated areas. The

- possibility of suffocation exists when these gases leak or are

vented in confined areas.

Piston type accumulators gradually collect hydraulic fluid in
the gas chamber, even though the piston seals are intact and
functioning properly. If checking an accumulator's precharge
shows a consistent trend of pressure being higher than
expected, if precharging requires smaller volumes of gas
than expected to obtain a desired pressure level, or if fluid is
expelled from a gas valve during gas venting, the
accumulator must be removed and the fluid dumped out of
the gas side (refer to Subsection. 3.3, Accumulator
Maintenance).
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3.2 Filter Maintenance

Each HSM contains a main pressure filter which should be
periodically removed and cleaned, or replaced if damaged. Models
290.12, 290.14, 290.21, 290.22, 290.31 and 290.32 also are equipped
with a pilot pressure supply circuit which contains a filter. This
pilot pressure filter should be replaced periodically or whenever
the indicator signals that the filter is dirty. Information
concerning the cleaning of the main filter can be found in
Subsection 3.2.1. The procedure for changing the pilot filter is
documented in Subsection 3.2.2. .

3.2.1 Main Filter Maintenance

3-4

The main filter on the Series 290 HSM is a metal screen, mesh-
type filter which should be removed and cleaned or replaced at six
month intervals. Equipment required includes 9/16-, 5/8- and
11/16- inch open-end wrenches, a 1/2-gallon (2-liter) drain pan or
can, an ultrasonic cleaner, cleaning and rinsing fluids, and a 12-
inch adjustable open-end wrench.

1. Turn off the system electrical power and allow the system
hydraulic pressure, as registered on the HPS output pressure
gage, to drop to zero.

/\WARNING A\

Hydraulic power supply and system pressure
must be at zero to minimize the possibility of
damage to equipment or injury to personnel
when removing hydraulic components and
opening pressure seals. If system pressure
cannot be reduced to zero, contact the
Service Division, MTS Systems Corporation,
before performing the following steps. Read
and observe the WARNING in Subsection
3.1.1.

2. If necessary, on Series 290.1X HSM units equipped for pilot
pressure, use a 7/16-inch open-end wrench to remove the two
nuts, spacers, and bolts which secure the pilot pressure filter
to the HSM cover. For all HSM units, use the 9/16-inch
open-end wrench to remove the six hex bolts which secure
the HSM cover. Remove the cover.

3. With the 5/8-inch open-end wrench, remove the vent plug
from the main filter bowl {refer to Figure 3-1).
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Place the drain pan under the drain port and remove the tube
cap from the filter drain port fitting using the 11/16-inch
open-end wrench., Allow the fluid from the filter to drain for
about five minutes.

Use the adjustable open-end wrench to unscrew the filter
bowl and remove it. Carefully remove all contaminated fluid
from around the base of the filter element. Check the inside
of the filter bowl for signs of visible contamination. Small,
easily visible particles adhering to the inside of the filter
bowl can indicate failure of other system components. In
this case, check the system thoroughly for signs of wear or
loss of seal integrity. Refer to the appropriate product
manual(s) for the seal or part replacement procedure(s). If
the source of the particles cannot be determined, contact
the Service Division, MTS Systems Corporation, for further
information. In the case where the filter bowl appears to be
clear of visible particles, wipe it out with a lint-free cloth.
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6.

1.

10'

11.

12.

13.

14.

CAUTION

Removing the filter element in the next step
without removing all contaminated fluid from
around the base of the element can result in
improper, erratic system operation due to
contamination of the system servovalve.

Remove the filter element. Inspect the element for physical
damage. If it is damaged, replace it and continue at step 15.

NOTE

Ultrasonic cleaning is one of the better
methods for obtaining filter cleanliness. The
cleaner and rinsing solutions may be obtained
from MTS Systems Corporation as part
numbers 111617-01 and 111617-02,
respectively. If an ultrasonic unit is not
available, these solutions can be used with a
plastic bristle brush for manual cleaning.
After use, wash the hands thoroughly and
discard the brush.

Fill the ultrasonic unit tank with approximately 5 in. (130
mm) of water. Turn the unit on for a ten-minute warm-up.

Obtain a plastic container with sufficient volume to entirely
submerge the element and small enough to stand in the
ultrasonic unit. Fill it with cleaner.

Remove any rubber components, such as the ring seal, from
the element. Place the element in the container and agitate
it by hand for two minutes. Remove it and apply pressurized
air to remove large particles.

Stand the container in the ultrasonic unit tank and submerge
the element in the container for at least five minutes. In
extreme cases, allow additional time.

Remove the element from the container. Apply compressed
air to the element to remove fluid and dirt.

Empty the container. Rinse and refill it with cleaner fluid.

Repeat steps 10 and 11. Inspect the element, If
contamination is still present, repeat steps 10, 11 and 12
until it is clean, or discard the element and replace it. If
replaced, continue at step 15. '

Empty the container. Rinse and fill it with rinsing solution.
Repeat steps 10 and 11,

N



15.

16.

17.

18.

3.2.2 PilotFilter Maintenance

Replace the filter seal ring. Install the element on the
manifold. Ensure that the filter bowl seal is seated in its
channel. Screw the filter bowl into place until it is seated.
Tighten it to 30 1b-ft (40.7 N-m).

Remove and empty the drain pan. Replace the tube cap on
the drain port fitting. Replace the vent plug. Tighten it to
35 1b-ft (47.5 N-m).

Turn on the system electrical power. Activate the HPS in
LOW pressure mode. Switch the HPS to HIGH pressure mode.
Check the filter bowl, vent plug, and drain port for leaks.
Remove hydraulic pressure and tighten components as
necessary. Repeat the high pressure checks until leakage is
stopped.

If removed, replace the HSM over, Tighten the mounting
bolts. For 290.1X HSM units equipped with pilot pressure,
reattach the pilot pressure filter to the HSM cover. Refer to
the HPS product manual for instructions on checking and
replenishing the hydraulic fluid.

The pilot filter on the Series 290 HSM is a disposable, non-
cleanable paper cartridge type filter. The element should be
replaced when indicated by the pop-up indicator. Equipment
required includes a 9/16-inch open-end wrench.

1'

Turn off the system electrical power. Allow system pressure
as registered on the HPS output pressure gage to drop to
zero.

NOTE

Step 2 can be omitted for 290,1X HSM models,
since the filter is located outside the cover.

If necessary, using the 9/16-inch open-end wrench, remove
the six hex bolts which secure the HSM cover. Remove the
cover.

Locate the pilot filter, Figure 3-2 illustrates the location of
this filter on the various models.




/\\WARNING /N

Hydraulic power supply and system pressure
must be at zero to minimize the possibility of
damage to equipment or injury to personnel
when removing hydraulic components and
opening pressure seals. Turning off hydraulic
pressure at the HSM does not turn off pilot
pressure. If system pressure cannot be
reduced to zero, contact the Service Division,
MTS Systems Corporation, before performing
the following steps. Read and observe the
WARNING in Subsection 3.1.1.

4. Remove the pilot filter element bowl by manually turning it
clockwise as viewed from the element head end and as
indicated in Figure 3-2. Dispose of any fluid in the filter
bowl in a suitable container. Pull the filter element off the
filter head. Wipe the filter base dry with a clean, lint-free
cloth and visually check the main seal and back- up ring for
damage. If necessary, replace them with new seals from the
pilot filter service kit. Dispose of the old filter element.

Filter
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Filter Filter
lndicator\ L~ Indicator
'l:’.illot Pilot
ilter Fitter \ Pilot
Filter

FILTER
DRAIN
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11

- SM-G191

R R =
S (3
py O =1
o
@

290.1X

Figure 3-2. Pilot Filter and Indicator Locations
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Check the inside of the filter bowl for signs of visible
contamination. Small, easily visible particles adhering to the
inside of the filter bowl can indicate failure of other system
components. In this case, check the system thoroughly for
signs of wear or loss of seal integrity. Refer to the appropriate
product manual(s) for the seal or part replacement
procedure(s), If the source of the particles can not be
determined, contact the Service Division, MTS Systems
Corporation, for further information. In the case where the
filter bowl appears to be clear of visible particles, wipe it out
with a lint-free cloth.

CAUTION

Attempts to clean and re-use the old element
may cause damage to the element, loss of
filtration, and corresponding damage to, or
improper function of, the equipment. The
pilot filter element is constructed of paper
and is not cleanable. .

With a small amount of clean hydraulic fluid, lubricate the
main seal and back-up ring, and the internal seal of a new
pilot pressure filter. Slide the new filter element onto the
filter head center post and re-install the filter bowl. Tighten
the bow! by turning it counterclockwise until it is hand tight.

NOTE

The seals in this filter seat when the unit is
pressurized. If the seals leak, further tighten-
ing will not improve the seal. In this event,
replace the leaking seals with new ones from
the pilot filter seal kit.

Reset the pilot filter indicator by pressing it down.

Turn on the system electrical power. Activate the HPS in
HIGH pressure mode. Activate the HSM in HIGH pressure
mode (if control is available). Remove any specimen from
the test area and operate the actuator for at least five
minutes using a square wave drive signal at a frequency
above 10 Hz to bleed air from the pilot circuit(s). Turn off
the system electrical power.

If removed, replace the HSM cover, except on 290.1X units
where it was not removed. Tighten the mounting bolts.
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3.3 Accumulator Maintenance

Series 290 HSM units are equipped with piston type accumulators,
Refer to Figure 3-3. The main pressure, return, and pilot pressure
accumulators are similar in design and may require maintenance in
the following areas:

Seal Replacement: To replace seals in accumulators
manufactured by MTS Systems Corporation, refer to the
Model 111 Accumulator product manual. For accumulators
not manufactured by MTS Systems Corporation, reference
the accumulator label for the seal kit part number. If the
seal kit part number is not on the label, note the
manufacturer and the accumulator part number and contact
MTS Systems Corporation for assistance.

Checking Precharge and Precharging: The procedure for
checking the precharge and precharging accumulators
manufactured by MTS Systems Corporation can be found in
the Model 111 Accumulator product manual. For
accumulators not manufactured by MTS, refer to the vendor
literature or MTS part number 408266-01 (Procedure For
Checking Piston and Bladder Type Accumulator Precharge
and Precharging).

Purging Fluid from Gas Chamber: The procedure for purging
fluid from accumulators manufactured by MTS Systems
Corporation can be found in the Model 111 Accumulator
product manual. For accumulators not manufactured by MTS
Systems Corporation, refer to the vendor literature for the
accumulator,



Pilot Pressure

Accumulator \

Pressure Line Return Line

. Accumulator < ~~ Accumulator

Pressure Line )
|t—1"""" Accumiulator Pilot Pressure
Accumulator ™~

le— Return Line

Accumulator
0\
LBH Slow O
Turn On

Slow
Turn On : ©
Accumulator $ Accumulator SHRET ]
FILTER P FILTER
" R ey mE o ®g=mn
O & r a Bleed Port © ‘( 2 |— Bleed Port
. oo 5 S
< H 0
c{[ E C;"'Flnput Control fiﬂ © Q>° L_\ KR = lnp;tdCSFtrol
OVR End Plug O:R n ug
s——ayan 290.1X L A 290.2X
0% T & &2
N @ @5 L @y 5.

Return Line
Accumulator

Pressure Line
Accumuiator ™k

Pilot Pressure
Accumulator

Slow
Turn On
Accumulator

i P FILTER a
plels @A
ol 0 ol

o B - J

ol PR 2%, o ™~ Bleed Port

q4 a2 g )
— Input Control End Plug
OR

[_‘:ﬁ*‘“”&:.o“‘,ﬁ'ﬂ: 290.3X

o N =
@/j— —‘é’;V ' SM-G192B

Figure 3-3. Accumulator Locations

To gain access to the accumulators, remove the six hex bolts
which secure the HSM cover,

The slow turn-on/turn-off accumulator is designed differently than
the other accumulators and requires separate maintenance
procedures. Service instructions for the slow turn-on/turn-off
accumulator are found in Subsection 3.3.1 of this manual.




3.3.1 Slow Turn-On Accumulator Maintenance

The following steps describe the procedure for disassembly, seal
replacement and reassembly of the slow turn-on accumulator
located in the control manifold assembly. Equipment required
includes a seal kit, an adjustable open-end wrench, an open-end
wrench set, a hex key set, and a charging kit.

1. Turn off the system electrical power. Allow the system
hydraulic pressure, as registered on the HPS output pressure
gage, to drop to zero.,

2. Locate the slow turn-on accumulator. Figure 3-3 shows the
location of this accumulator on the various 290.XX models.
Accumulator structure is illustrated in Figure 3-4.

— Valve Cap

— Gas Pressure Valve

Gas Pressure Valve Small Hex Nut
Accumulator Cylinder Cap

Accumulator Piston
[— Piston T Seal

} < / / )
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Figure 3-4. Slow Turn-on Accumulator Structure

S\ WARNING /N

System pressure must be at zero to minimize
the possibility of damage to equipment or
injury to personnel when opening connections
in the hydraulic assembly. If system pressure
cannot be reduced to zero, contact the Ser-
vice Division, MTS Systems Corporation,
before performing the following steps. Read
and observe the WARNING in Subsection
3.1.2,




3.

10.

Remove the cap from the gas pressure valve on the
accumulator, Using a 5/8-inch open-end wrench, rotate the
small hex nut on the gas pressure valve 1/2 turn
counterclockwise to release the gas precharge.

/\WARNING /\

Gas pressure must be reduced to zero to
minimize the possibility of damage to
equipment or injury to personnel when
disassembling the accumulator. If it is
suspected that gas pressure has not been
reduced to zero, contact the Service Division,
MTS Systems Corporation.

Using the adjustable open-end wrench, remove the 1 7/8-inch
accumulator cylinder cap from the control manifold. Using a
5/32-inch hex key remove the bleed port cap (refer to Figure
3"’3).

Thread the 2-inch screw, from the accumulator seal kit into
the hole in the accumulator piston. Use the screw as a pull
rod to extract the piston from the control manifold.

Replace the piston T seal and the bleed port cap seal.

Install the piston in the manifold block; ensuring that the
seal is not pinched as it passes the accumulator cylinder
chamber. Push the piston all the way into the cylinder.
Remove the screw. Install and tighten the bleed port cap.

Remount the accumulator cylinder cap.

Precharge the accumulator. Nominal slow turn-on
accumulator precharge pressure is 100 psi (0.69 MPa)., Use
the same precharging procedure as for MTS Mode! 111
Accumulators. Refer to Subsection 3.3, Accumulator
Maintenance.

Turn on the system electrical power. Activate the HPS in
HIGH pressure mode. Activate the HSM in HIGH pressure
mode. Remove any specimen from the test area. Switch
between HIGH and LOW pressure modes at least ten times,
allowing one minute after each change. Then operate the
actuator for at least five minutes using a square wave drive
signal at a frequency greater than 10 Hz to bleed air from
the accumulator and control circuits. Turn off the system
electrical power.

3-13




3.4 Solenoid Valve Replacement

This procedure describes the process for removing and replacing a
control manifold cartridge valve and/or the corresponding drive
solenoid. Equipment required includes an adjustable open-end
wrench, and a replacement solenoid and/or cartridge valve. Refer
to Figure 3-5 during the following procedure.

l.

Turn off the system electrical power. Allow the system
hydraulic pressure as registered on the HPS output pressure
gage to drop to zero.

Disconnect the control cable from the appropriate solenoid.
Note the orientation of the coil and connector to the control
manifold.

Remove the solenoid coil assembly by removing the retaining
nut using the adjustable open-end wrench and pulling the coil
assembly off the cartridge valve stem. On 24 Vdc Solenoids
remove the Din to Amp connector. If only the coil assembly is
to be replaced, skip to step 6.

/A WARNING /1\

System pressure must be at zero to minimize
the possibility of damage to equipment or
injury to personnel when opening connections
in the hydraulic assembly. If system pressure
cannot be reduced to zero, contact the
Service Division, MTS Systems Corporation,
before performing the following steps. Read
and observe the WARNING in Subsection
3.1.1.

Remove the cartridge valve by unscrewing it from the
control manifold using the adjustable open-end wrench.

NOTE

MTS Systems Corporation recommends that
cartridge valves be replaced if the valve core
becomes dirty or the seals wear out.

Coat a new cartridge valve with clean hydraulic fluid. Insert
the cartridge valve into the control manifold, ensuring that
the seals slip past the chamber and are not pinched or
deformed, and tighten it.




6. Slip the (new) coil assembly onto the valve stem., Seat it
with the connector oriented as noted in step 2. Install and
tighten the retaining nut sufficiently to prevent the coil
assembly from being rotated by hand. On 24 Vdc solenoids
install the Din to Amp connector on the solenoid coil.

7. Reconnect the control cable. If only the coil assembly has
been exchanged, the unit is now ready for use. If the
cartridge valve was replaced proceed to to step 8.

8. Turn on the system electrical power. Activate the HPS in
HIGH pressure mode. Select LOW pressure mode at the HSM
controls. Toggle the HSM between LOW and HIGH pressure
modes at least ten times, allowing one minute to elapse after
each selection. This purges most of the air from the contro
manifold. :

9. Turn off the system electrical power.

Control Cable
115 Vac Coil

Connector DIN
to AMP

24 Vde Coil
Retaining
Nut

SM-G612

Retaining
Nut

Figure 3-5. Solenoid Valve Replacement

3.5 Main Control Valve Maintenance

This subsection contains instructions for replacing the seals in the
main control valve., Equipment required includes 5/8- and 3/4-inch
hex keys for the 290.1X or 290.2X or 3/4- and 1- inch hex keys for
the 290.3%, and a seal kit.

I. Turn off the system electrical power. Allow the system
hydraulic pressure as registered on the HPS output pressure
gage to drop to zero.
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Output
Control
End Plug

Ring Seal
Control and Spring
Manifold Coil Spring Valve Spool Glyd Ring Washer
A\ / \ %
\\T“ (/ /4;// N’ I

S

/\WARNING /I\

System pressure must be at zero to minimize ‘
the possibility of damage to equipment or |
injury to personnel when opening connections |
in the hydraulic assembly, If system pressure |
cannot be reduced to zero, contact the
Service Division, MTS Systems Corporation,

- before performing the following steps. Read
and observe the WARNING in Subsection
3.1.1.

2. Using the 5/8-inch hex key for the 290.1X or 290.2X or the
3/4~inch hex key for the 290.3X, remove the output control
end plug from the control mamfold (see Figures 3-3 and 3-6).

3. Remove the input control end plug from the control manifold
using the 3/4-inch hex key for the 290.1X or 290.2X or the 1-
inch hex key for the 290.3X. Remove the spring washer and
retainer ring. ’ i

4. Remove the coil spring from the output control end of the
cylinder,

Retainer {nput Control — \
Ring End Plug ?

5
1
\
i

g /;_

SM-G194

Figure 3-6. Main Control Valve Part Locations

CAUTION

In steps 5 through 7, failure to prevent
scratching of the valve spool surfaces or
manifold bore can cause leakage and improper
valve operation,



[

10.

Thread the hex cap screw from the seal kit into the input
control end of the valve spool. Using the screw as a pull rod,
remove the valve spool from the control manifold. If the
valve spool will not move, the push rod from the seal kit may
be used to apply force to the output control end of the valve
spool. When this is not sufficient force to move the valve
spool, a plastic or rubber mallet may be used with the push
rod to start the valve spool moving. Note the orientation of
the valve spool to the control manifold.

Replace the ring seal and glyd ring on the valve spool.
Install new ring seals on both cylinder plugs if necessary.

CAUTION

In the following step, failure to ensure that
the glyd ring is not damaged can cause
leakage and improper valve operation. Use
silicone grease to lubricate the glyd ring. '

Install the valve spool in the control manifold with the same
orientation as noted in step 5. Remove the hex cap screw.
Return the retainer ring and spring washer to their locations.
Thread in the input control end plug and tighten it.

Insert the coil spring into the output control end of the
control manifold. Install and tighten the output control end

plug.

Turn on the system electrical power. Activate the HPS in
HIGH pressure mode. Select LOW pressure mode at the HSM
controls, Check the HSM fittings for leaks. Tighten the
fittings as necessary with pressure turned off. Toggle the
HSM between LOW and HIGH pressure modes at least twenty
times, allowing at least one minute to elapse after each
selection. This purges air from the control manifold.

Turn off the system electrical power.







4.1 Site Preparation

Section IV
Installation

The data in this section applies to new installations and HSM units
which have been removed from a system for reconfiguration or
repair., The following subsections are arranged in sequence for
installation of a new HSM. Some procedures may not apply to
specific models.

Site selection for a HSM location requires consideration of the
following items:

e  The HSM must be installed in an area where it is protected
from extremes of temperature and humidity. Limit
specifications are 40° to 125°F (4° to 51°C) and 20 to 80%
humidity. A normal shop or laboratory environment with a
non-corrosive atmosphere is recommended. :

e A minimum floor space of 4 ft by 4 ft (1.2m by 1.2m) is
required for each HSM. This will provide space for hydraulic
connections and service access. Additionally, a minimum 6
ft (1.8m) vertical clearance is required to permit removal of
the HSM cover for service.

e The HSM should be located as close as possible to the
servovalve(s) it supplies. A precise definition of the
maximum distance allowable must take the specific system
dynamic flow transient requirements and turn-on/turn-off
transient requirements into account. For assistance in
calculation of these factors, contact the Service Division,
MTS Systems Corporation.

e Provisions should be made to mount the HSM to prevent
movement due to hydraulic line transients. Recommended
mounting methods include anchor bolts set in concrete, or
bolting to a steel framework. It may be desirable to mount
the HSM to an elevated framework which will allow a catch
pan to be placed under the unit during service.

Once a site which meets the above criteria has been selected and
prepared, mount the HSM in its proper location, and secure it in
place. Then perform the applicable procedures from the following
subsections.
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4.2 Conversions for 115 or 24 Volt Operation

Certain 290.XX HSM models are equipped with a control manifold.
The functions of this manifold are controlled by two solenoid
activated cartridge valves. In some systems, these solenoids are
driven by 115 Vac. Other system configurations utilize a 24 Vdc
drive. Field exchange of a solenoid can be done by performing
steps 1, 2, 3, and 6 of the procedure described in Subsection 3.4.
Then connect the appropriate control cable. Connectors on cables
and solenoids for 24 Vdc operation are different from those
intended for 115 Vac use. Therefore, changing the solenoids also
requires use of different cables and changes to the control unit or
control panel. Figure 4-1 illustrates the respective connector
configurations.

24 Vac

115 Vac

SM-F081B

Figure 4-1. Control Solenoid Connectors

After making a change in control voltage, note the changes on the
system level documentation. Also tag the HSM unit to notify
service personnel that the part number on the unit no longer
represents the correct operating voltage.

-




4.3 Electrical Cable Connections

Most 290.XX HSM units are equipped with a control manifold
which permits selection of various hydraulic pressures. Control
cable connections must be made between the HSM and the control
unit or control panel. Certain units use 115 Vac for driving the
HSM control functions. Others use 24 Vdc. Table 1-1 describes
which models use which voltage. Figure 4-2 illustrates the

connections which must be made.
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Figure 4-2. Control Cable Connections

4.4 Hydraulic Hose Connections

—

HSM units may be used in a wide variety of system configurations.
Figures 4-3 through 4-5 illustrate some of the more common basic
configurations. These may be augmented to meet specific system
requirements. For proper operation of the pressure gage, these
HSM units require a drain line connection to the HPS.




NOTE

Remove each fluid port cap plug only when a
hose is ready for immediate connection. Re-
tain the removed caps and plugs for use during

service,
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Figure 4-3. Basic HSM Installation (Pilot Circuit Optional)
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Figure 4-4. Two Channel HSM Installation with Pilot Circuits
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Figure 4-5. Single HSM Driving Two Actuators (No Pilot Circuits)

4.5 Pressure Control Manifold Installation

LA-H105

Certain models of the Series 290 HSM are not equipped for

pressure control.

These units can be retrofitted to incorporate

control functions with the following procedure. Equipment

required for this procedure includes the correct control manifold
and cables, a 3/4-inch open-end wrench, a 3/8-inch hex key, a
torque wrench and a 3/8-inch hex-tipped socket.

NOTE

Operation of the control manifold requires
additions to existing system electrical cabling.
Refer to Subsection 4.3 for electrical
connection information.

1. Turn off the system electrical power. Allow
pressure, as registered on the HPS output pressure
drop to zero.

/\WARNING /\

Hydraulic power supply and system pressure
must be at zero to minimize the possibility of
damage to equipment or injury to personnel
when removing hydraulic components and
opening pressure seals. If system pressure
cannot be reduced -to zero, contact the
Service Division, MTS Systems Corporation,
before performing the following steps. Read
and observe the WARNING in Subsection
3.1.1.

system
gage, to
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Using the 3/8-inch hex key, remove the four bolts holding the
bypass manifold onto the main service manifold assembly
(see Figure 4-6). If necessary, remove the nuts from the
HSM mounts and tip or elevate the HSM sufficiently to
obtain access. Remove the bypass manifold and its seals.

il

©

{O

B Manifold
ypass Manifo —

Figure 4-6. Typical Bypass Manifold Location
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With the hex key and the 3/4-inch open-end wrench, remove
the four mounting bolts and nuts from the new control
manifold. Remove the port cover plate, ensuring that the
port seals remain in place on the manifold. Install the port
cover plate on the bypass manifold, using the old mounting
bolts, and the nuts just removed.

Mount the control manifold. Lubricate the four mounting
bolts and torque them to 80 ft-1b (108 N-m) using the torque
wrench and the 3/8-inch hex-tipped socket.

Connect the electrical cables as illustrated in Figure 4-2.

Check the precharge level of the slow turn-on/turn-off
accumulator. Refer to Subsection 3.3, Accumulator
Maintenance.

Note changes to the system in the system level
documentation. Tag the HSM unit to inform service
personnel that the part number on the unit no longer
represents the unit structure,
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4.5 Pressure Control Manifold Installation

LA-H105

Certain models of the Series 290 HSM are not equipped for

pressure control.

These units can be retrofitted to incorporate

control functions with the following procedure. Equipment

required for this procedure includes the correct control manifold
and cables, a 3/4-inch open-end wrench, a 3/8-inch hex key, a
torque wrench and a 3/8-inch hex-tipped socket.

NOTE

Operation of the control manifold requires
additions to existing system electrical cabling.
Refer to Subsection 4.3 for electrical
connection information.

1. Turn off the system electrical power. - Allow
pressure, as registered on the HPS output pressure
drop to zero.

/\WARNING A\

Hydraulic power supply and system pressure
must be at zero to minimize the possibility of
damage to equipment or injury to personnel
when removing hydraulic components and
opening pressure seals. If system pressure
cannot be reduced to zero, contact the
Service Division, MTS Systems Corporation,
before performing the following steps. Read
and observe the WARNING in Subsection
3.1.1,

system
gage, to
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Using the 3/8-inch hex key, remove the four bolts holding the
bypass manifold onto the main service manifold assembly
(see Figure 4-6). If necessary, remove the nuts from the
HSM mounts and tip or elevate the HSM sufficiently to
obtain access. Remove the bypass manifold and its seals.
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Figure 4-6. Typical Bypass Manifold Location
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With the hex key and the 3/4-inch open-end wrench, remove
the four mounting bolts and nuts from the new control
manifold. Remove the port cover plate, ensuring that the
port seals remain in place on the manifold. Install the port
cover plate on the bypass manifold, using the old mounting
bolts, and the nuts just removed.

Mount the control manifold. Lubricate the four mounting
bolts and torque them to 80 ft-1b (108 N-m) using the torque
wrench and the 3/8-inch hex-tipped socket.

Connect the electrical cables as illustrated in Figure 4-2.
Check the precharge level of the slow turn-on/turn-off
accumulator. Refer to Subsection 3.3, Accumulator
Maintenance.

Note changes to the system in the system level
documentation. Tag the HSM unit to inform service
personnel that the part number on the unit no longer
represents the unit structure.
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4.6 Pilot Pressure Kit Installation

HSM models 290.11 and 290.13 are not equipped with a pilot
pressure circuit. This subsection discusses the procedure for
adding the pilot pressure kit to these HSM units. Equipment
required includes a pilot pressure parts kit, flaring and bending
tools for 3/8-inch tubing, a hex key set, an open-end wrench set,
an adjustable open-end wrench, and a tubing cutter,

1. Turn off the system electrical power. Allow the system
pressure, as registered on the HPS output pressure gage, to
drop to zero.

A\ WARNING /N

System pressure must be at zero to minimize
the possibility of damage to equipment or
injury to personnel when opening connections
in the hydraulic assembly. If system pressure
cannot be reduced to zero, contact the
Service Division, MTS Systems Corporation,
before performing the following steps. Read
and observe the WARNING in Subsection
3.1.1.

2. Using a 1/4-inch hex key, remove the two pilot pressure
filter port plugs illustrated in Figure 4-7.

Pilot Pressure Filter
Port Plugs

SM.G196

Figure 4-7. Pilot Pressure Filter Port Locations
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Install the check valve in the left port. The arrow stamped
on the check valve should point into the manifold. Thread a
small elbow into each port, orienting the open ends as shown
in Figure 4-8. Tighten the seal nuts using an 11/16-inch
open-end wrench.

Remove the port plugs from the filter assembly. Install the
reducing fittings in the filter, tightening them with the
adjustable open-end wrench.

Install the large elbows in the reducing fittings. Do not
tighten the seal nuts at this time.

Orient the filter assembly to the position shown in Figure
4-9. Push the two mounting bolts through the holes in the
filter base. Slip the two small tubing nuts onto the threaded
ends of the bolts as mounting spacers.

Port Elbows

oro *
\

Seal Nuts

SM-G197

Figure 4-8. Port Elbow Orientation
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Install the check valve in the left port. The arrow stamped
on the check valve should point into the manifold. Thread a
small elbow into each port, orienting the open ends as shown
in Figure 4-8. Tighten the seal nuts using an 11/16-inch
open-end wrench,

Remove the port plugs from the filter assembly. Install the
reducing fittings in the filter, tightening them with the
adjustable open-end wrench,

Install the large elbows in the reducing fittings. Do not
tighten the seal nuts at this time.

Orient the filter assembly to the position shown in Figure
4-9. Push the two mounting bolts through the holes in the
filter base. Slip the two small tubing nuts onto the threaded
ends of the bolts as mounting spacers.

Port Elbows

o\o *
\

Seal Nuts

SM-G197

Figure 4-8. Port Elbow Orientation
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Figure 4-9. Filter Mounting Parts Assembly

Insert the threaded end of the mounting bolts into the two
holes in the HSM cover. Thread the two integral washer nuts
onto the bolt ends inside the cover, tightening them with a
7/16-inch open-end wrench,

As illustrated in Figure 4-10, measure the distance "D" .

between the tips of the right side fittings. Calculate the cut
length for tubing to connect these fittings according to the
following formula:

L = D+D(0.0235) + 0.25
where L = the cut length
D = the measured distance.

Measure and cut a piece of tubing from the parts kit to the
calculated length L. =
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10.
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—

SM-G199

Figure 4-10, Tube Measurement

With the flaring tool, form a flare flange on one end of the
tube. Slide two flare sleeves and tube nuts onto the other
end of the tubing with these parts oriented as shown in
Figure 4-11. Form a flare flange on the other end of the

tube.
Flare Flanges
Flare Sleeves
/TUbe Mo \\:

\ X
\ Tub'ng//
Threaded

Opening SM.G200

Figure 4-11. Tubing Parts Orientation

Install the tube between the right side fittings, bending as
needed. Figure 4-12A and B shows the approximate bend
location and tube routing. Tighten the tube nuts with an
11/16-inch open-end wrench. Then tighten the right side
filter elbow seal nut with a 7/8-inch open-end wrench.
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Figure 4-12. Tubing Installation

I1. As illustrated in Figure 4-10, measure the distance "C"
between the tips of the left side fittings. Calculate the cut
length for tubing to connect these fittings according to the
following formula:

L = C + C(0.0955) + 0.25
where L = the cut length
C = the measured distance.

Measure and cut a piece of tubing from the parts kit to the
calculated length L.

12. Perform step 9 for the left side tube.

13. Install the tube between the left side fittings, bending as
needed. Figure 4-12B and C shows the approximate bend
location and tube routing. Tighten the tube nuts with an
11/16-inch open-end wrench. Then tighten the left side
filter elbow seal nut with a 7/8-inch open-end wrench.



14.

Remove the pilot pressure supply and return port plugs
illustrated in Figure 4-13 using a 1/4-inch hex key. Install
the remaining two small elbows in the supply and return
ports. Orient the open ends of the elbows downward.
Tighten the seal nuts using an 11/16-inch open-end wrench.

1
| —
1
[

Pilot Return
Port Plug

Pilot Pressure
Accumulator

Pilot Pressure
Supply Port Plug

Pilot Pressure /‘r

Accumulator

Pitot Pressure
Supply and Return
Port Fitting

Orientation

SM-G202

Figure 4-13. Pilot Pressure Supply and Return Port Locations

15,

16.

17.

18.

19.
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Connect the pilot supply and return port elbows to the
appropriate servovalve pilot ports with hoses.

Use a 7/16 inch open end wrench to remove the two nuts,
spacers, and bolts which secure the pilot pressure filter: to
the HSM cover. Remove the six bolts which secure the HSM
cover using a 9/16 inch open end wrench. Remove the cover.

Locate the pilot pressure accumulator port (refer to Figure
4-13). Using a 5/8 inch hex key, remove the port plug.
Install the hex nipple in the port using an adjustable open end
wrench. Thread the accumulator port onto the hex nipple
and tighten it using a strap wrench.

Replace the HSM cover. Replace the six cover bolts.
Replace the two bolts, spacers, and nuts which secure the
pilot pressure filter to the HSM.

Check the pilot pressure accumulator precharge. Refer to
Subsection 3.3, Accumulator Maintenance.



4.7 System Checks

This subsection contains a procedure for checking the installation
of the HSM., The procedure assumes that the unit has been
installed on a site which meets the criteria specified in Subsection
4.1, and that applicable conversions, connections and functional
additions have been accomplished as specified in Subsections 4.2
through 4.6.

1.

2.

3.

4.

7.

8.

Check the HSM for secure mounting. Ensure that the cover
is in place and tightly bolted.

Check all hydraulic connections against the system diagrams.
Ensure that the connections are tight.

Check all electrical cable connections (where applicable)
against the system diagrams. Ensure that the connections are
correctly mated and locked.

Check the precharge of the accumulators (refer to
Subsection 3.3, Accumulator Maintenance).

Turn on the HPS in low pressure mode. Refer to the
applicable HPS product manual and the system operation
manual for the correct procedure.

Turn on the system electrical power. Select Load control
mode. Adjust the Set Point level to zero dc error. For HSM
units with control functions, select the Low pressure mode at
the control panel or control unit, Check for leaks at all hose
connections, and on the HSM. With pressure turned off,
tighten fittings as necessary. “

Increase the HPS output pressure to the level to be used for
normal operation. Check again for leaks.

For HSM units with control functions, select the High
pressure mode., Check again for leaks. Check the reading on
the HSM output pressure gage by pressing the gage valve
button. Select the Low pressure mode and check the output
pressure again., Then select the Off mode and check the
output pressure once more. If any reading is not as
expected, determine the cause and refer to the appropriate
subsection in Section III, Service.

Remove any specimen in the test area. Select the High
pressure mode at the HSM (if control is available). Operate
the system for at least ten minutes using a high frequency
(above 10 Hz) square wave drive signal to bleed air from the
system. Turn off the system hydraulic'and electrical power.
Refer to the HPS product manual for instructions on
checking the fluid level and replacing fluid.
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5.1 Basic Function

Section 'V
Theory of Operation

This section contains a detailed description of the functions of the
Series 290 HSM. These functions include basic line pressure
regulation, optional pressure regulation with on-off control and
slow turn-on/turn-off, load abort, and a pilot pressure supply
circuit.

The basic function of the HSM is to provide line pressure
regulation. This is partially accomplished by using accumulators
to absorb excess fluid during pressure peaks and return the fluid
during low pressure periods. Consider, for example, a system
configuration where the HPS is located some distance from the
servovalve and actuator. As the servovalve opens, line pressure
drops immediately at the connection to the servovalve. This
pressure drop travels through the line toward the HPS, but flow
restriction of the line itself, plus inertia of the fluid, delays and
decreases the severity of the drop as it travels. The HPS and its
accumulators therefore are required to compensate for a less
severe decrease in pressure over a longer period of time. At
certain operating frequencies, this may cause the actuator to be
"starved" for adequate fluid flow or pressure.

Inserting the HSM in the hydraulic lines permits some fluid to be
stored under pressure a short distance from the servovalve and
actuator, This has the effect, above a certain frequency, of
keeping fluid in the lines in motion and reducing the inertia and
line restriction considerations. When the servovalve opens and line
pressure begins to drop, the accumulator in the HSM supplies part
of the fluid volume and maintains the line pressure. Then, when
the servovalve closes, the accumulator recharges, causing fluid in
the lines to remain in motion.

The pattern and frequency of the signal which drives the
servovalve will have considerable effect on the HSM accumulator
function efficiency. Square wave signals, for example, will cause
a greater demand than sine wave signals or ramp signals. At low
frequencies, fluid flow in the lines may stop completely, and fluid
inertia may become an operational factor.

An accumulator in the return line damps the pulsing effect caused
by "slugs" of fluid being injected into the line as the actuator
moves. Movement of hoses and/or hammering of hard lines is thus
reduced. '
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The schematic in Figure 5-1 illustrates the components and fluid
flow circuits contained in a basic 290 HSM. This unit operates
essentially automatically. Fluid enters the unit at the HPS
pressure port. It passes through an inlet check valve which
provides backflow and explosion protection for the main filter
element when supply pressure drops as the HPS is turned off. Fluid
then passes through a 74 micron absolute filter. After filtration,
the fluid passes through a bypass manifold which couples the
pressure and pressure output lines together. A pressure gage and
gage isolation switch are connected to the pressure output line.
When the button on the isolation switch is pushed, the gage is
connected to the pressure output line. When released, the switch
connects the gage to the drain line. A pressure accumulator is
also connected to the pressure output line.
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Figure 5-1. Basic HSM Schematic

Fluid returns from the actuator servovalve through the return
input. It passes directly through the HSM and exits to the HPS via
the return port. A return accumulator is connected to the return
line. The bypass manifold blocks a port to the return line which is
used in units containing a control manifold. The drain line is used
to provide a path for collecting fluid which seeps past the high
pressure seals in the actuator, for dumping the HSM pressure gage,
and similar functions. This line is connected back to the HPS.
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decreases the severity of the drop as it travels. The HPS and its
accumulators therefore are required to compensate for a less
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stored under pressure a short distance from the servovalve and
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keeping fluid in the lines in motion and reducing the inertia and
line restriction considerations. When the servovalve opens and line
pressure begins to drop, the accumulator in the HSM supplies part
of the fluid volume and maintains the line pressure. Then, when
the servovalve closes, the accumulator recharges, causing fluid in
the lines to remain in motion.

The pattern and frequency of the signal which drives the
servovalve will have considerable effect on the HSM accumulator
function efficiency. Square wave signals, for example, will cause
a greater demand than sine wave signals or ramp signals. At low
frequencies, fluid flow in the lines may stop completely, and fluid
inertia may become an operational factor.

An accumulator in the return line damps the pulsing effect caused
by "slugs" of fluid being injected into the line as the actuator
moves. Movement of hoses and/or hammering of hard lines is thus
reduced. '
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The schematic in Figure 5-1 illustrates the components and fluid
flow circuits contained in a basic 290 HSM. This unit operates
essentially automatically. Fluid enters the unit at the HPS
pressure port. It passes through an inlet check valve which
provides backflow and explosion protection for the main filter
element when supply pressure drops as the HPS is turned off. Fluid
then passes through a 74 micron absolute filter, After filtration,
the fluid passes through a bypass manifold which couples the
pressure and pressure output lines together. A pressure gage and
gage isolation switch are connected to the pressure output line.
When the button on the isolation switch is pushed, the gage is
connected to the pressure output line, When released, the switch
connects the gage to the drain line. A pressure accumulator is
also connected to the pressure output line.
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Figure 5-1. Basic HSM Schematic

Fluid returns from the actuator servovalve through the return
input. It passes directly through the HSM and exits to the HPS via
the return port. A return accumulator is connected to the return
line. The bypass manifold blocks a port to the return line which is
used in units containing a control manifold. The drain line is used
to provide a path for collecting fluid which seeps past the high
pressure seals in the actuator, for dumping the HSM pressure gage,
and similar functions. This line is connected back to the HPS.



5.2 Expanded Control Functions

Most Series 290 HSM units are equipped with control functions
beyond those in the basic unit described in Subsection 5.1. These
control functions include electro-hydraulic circuits to permit
selection of pressure off, low pressure and high pressure operating
modes, slow pressure turn-on and turn-off, fast pressure unloading
and pilot pressure. The following subsections describe each
function in detail.

5.2.1 High-Low-Off Pressure Control

Certain HSM units are equipped with a control manifold. This
manifold permits the application and removal of hydraulic pressure
to the servovalve, and controls whether the pressure is high or low
at the HSM pressure output ports. Figure 5-2 illustrates these

functions.
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Figure 5~2. HSM with Control Manifold
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5.2.2 Load Abort

All devices in the HSM outside the control manifold function the
same as those in the basic unit described in Subsection 5.1.
However, in units equipped with the control manifold, the flow of
fluid through the HSM is blocked by the main control valve and the
low-pressure solenoid valve. The HSM is therefore in the off mode.
When the low-pressure solenoid is energized, a restricted flow of
fluid at HPS pressure is ported to the slow turn-on/turn-off
accumulator, which begins to charge. Pressure in this line rises
until the input flow equals the output flow through the low
pressure adjustment and the high-pressure solenoid valve. Rising
pressure is applied to control port 1 on the main control valve
which causes the main control valve to open. HPS pressure is thus
ported through the main control valve to the pressure output. As
pressure increases in the pressure output line, rising pressure at
control port 2 causes the main control valve to close until the two
control ports are balanced. The valve now adjusts itself
automatically to maintain the low pressure level set by the low
pressure adjustment, stabilizing the HSM in low pressure mode.

Energizing the high-pressure solenoid causes its associated valve
to close. Pressure in the control circuit is now able to rise to the
HPS pressure level. This is applied to control port 1, causing the
main control valve to open completely and remain open. The HSM
is now operating in high pressure mode. De-energizing the high-
pressure solenoid opens its associated valve, allowing pressure to
bleed off until the control circuit input and output flow rates are
again balanced. As control circuit pressure at control port 1
drops, HPS pressure at control port 2 causes the main control
valve to close until the pressure at the two control ports is again
balanced, and the HSM is again in low pressure mode. De-
energizing the low-pressure solenoid causes its associated valve to
switch, disconnecting HPS pressure from the control circuit. The
control circuit is now connected to the return line, and pressure
drops rapidly. As control circuit pressure drops at control port 1,
HPS pressure at control port 2 and a control spring close the main
control valve. The HSM returns to the pressure off mode.

HSM units equipped with a control manifold have the capacity to
abort load by dumping the high or low hydraulic pressure. In either
mode, if the low-pressure solenoid is turned off, supply pressure
into the control circuit is interrupted. The control circuit is
connected to the return line and pressure in the control circuit
drops rapidly (see Figure 5-2). This reduces pressure at control
port 1, allowing HPS pressure at control port 2 and a control spring
to close the main control valve. HPS pressure is thus disconnected
from the pressure output. At the same time, the pressure output
is connected to the return line by the main control valve, and the
pressure accumulator is drained.

R




5.2.3 Slow Turn-On/Turn-Off

The control manifold contains components which affect the rate at

which the control circuit operates. These include the slow turn-
on/turn-off accumulator, and its fixed fluid port orifice, the fixed
control circuit inlet orifice, and the variable low pressure
adjustment orifice. When the on-off solenoid is energized, HPS
pressure fluid is allowed to flow through the control circuit inlet
orifice. As fluid passes through the orifice into the control
circuit, the initial pressure is decreased substantially.
control circuit fills, the slow turn-on/turn-off accumulator begins
to fill, extending the pressure rise time and slowing the rate at
which the main control valve operates. Control circuit bleed-off
through the low pressure control further augments the time
required for the main control valve to balance. The result is a
controlled gradual increase in pressure as indicated in Figure 5-3A.
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Off
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Figure 5-3. Pressure Versus Time for Specific Pressure Modes

A similar gradual increase occurs during the upward shift from low
to high pressure. This is shown in Figure 5-3B. When a shift from
high to low pressure is initiated by de-energizing the high-pressure
solenoid, the slow turn-on/turn-off accumulator extends the time
required to reach low pressure in the control circuit., Figure 5-3C
illustrates the resulting pressure curve. De-energizing the low-
pressure solenoid results in a rapid decrease in pressure, as is

shown in Figure 5-3C.

As the

LA-H108
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5.2.4 PilotPressure

Most 290 HSM models contain a pilot pressure circuit to supply
pressure to the pilot stage of high performance servovalves. These
1 models may or may not be equipped with a control manifold.
Figure 5-4 is a schematic of an HSM with both pilot pressure and
control manifold circuits.
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Figure 5-4. HSM with Pilot Circuit

Fluid is tapped from the HPS pressure line between the main filter
and the control manifold inlet. It passes through the 3 micron
absolute pilot filter, and through the check valve which protects
the filter from backflow. A dirty filter indicator senses the
pressure differential across the filter and provides indication when
the differential pressure increases to a level which implies a dirty
filter. The accumulator connected to the pilot output line serves
the dual function of stabilizing line pressure fluctuations caused by
servovalve pilot stage demands and stabilizing the pilot output
against pressure fluctuations in the HPS pressure line.
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Section VI

lllustrated Parts Breakdown

The illustrated parts breakdown (IPB) is structured to provide a
pictorial reference for the subassemblies and parts in the Series
290 Hydraulic Service Manifolds (HSM). Figure 6-2 illustrates the
parts orientation for the 290.1X HSM. The numbers on the figure
are reference designators used to identify specific 290.1X parts in
the Table 6-1 parts list. HSM structure varies depending on the
specific model. Table 6-1 lists the parts by the reference
designator in ascending numerical order. Each entry gives the
reference designator, MTS part number, and description. Where
appropriate, the vendor part number is also listed. Figures 6-3 and
6-4, and Tables 6-2 and 6-3 are similarly configured for 290.2X and
290.3X manifolds, respectively.

Each parts list is broken into several assemblies. The first
assembly lists the parts found in the main HSM assembly.
Successive assemblies list parts which are added to the main HSM
assembly. To determine which assemblies have been included in a
specific system, refer to the System Reference Manual table of
contents,

Figure 6-1 illustrates the subassemblies in a typical 290 HSM. The
part numbers listed in this figure are the subassembly numbers in
the following parts lists. Part numbers for a specific subassembly
are listed under the appropriate subassembly number.

Various spare parts kits are available for the Series 290 HSM.
Expendable items, seals, and filters are some of the parts included
in the spare kits. For additional information on spare parts kits
contact MTS Systems Customer Service Department.
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290.1X-349307-02
290.2X-349308-02
290.3X-349309-02

290.1X,.2X-341517-04
290.3X-341517-03

112822-24

24 Vdc
426807-01

"
Y
\

/

290.11-344759-08
290.12-344759-09

115V 290.13-344759-10
24V 290.13-344759-12
115V 290.14-344759-11
24V 290.14-344759-13

T —— 290.21-342324-13

115V 290,22-342324-11
24V 290.22-342324-12
290.31-344378-08

115V 290.32-344378-04
24V 290.32-344378-05

290.1X-349325-01

290.1X,.2X-344763-03
290.3X-344763-04

SM-G341A

Figure 6-1. Typical 290 Hydraulic Service Manifold
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Figure 6-2. 290.1X Illustrated Parts Breakdown (sheet 1)
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Figure 6-2. 290.1X Illustrated Parts Breakdown (sheet 5)
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SEE SHEET 4

LG-G013B

Figure 6-3. 290.2X Illustrated Parts Breakdown (sheet 1)
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LG—G014

Figure 6-3. 290.2X Illustrated Parts Breakdown (sheet 3)
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Figure 6-3. 290.2X Illustrated Parts Breakdown (sheet 4)
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Figure 6-3. 290.2X Illustrated Parts Breakdown (sheet 5)
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Figure 6-4, 290.3X Illustrated Parts Breakdown (sheet 1)
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Figure 6-3. 290.3X Illustrated Parts Breakdown (sheet 4)
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