                                                                                                                      S9086-RK-STM-010/CH-505

        SECTION 11.     REMOTE OPERATING GEAR (ROG) SYSTEMS             20 April 2001

505-11.1 GENERAL – Remote operating systems are provided on valves, which have to be operated remotely during damage control situations, casualty, and where the accessibility of the valve is restricted. This section is devoted to discussion of manually operated ROG systems. In the past, the navy has experienced many problems with manual ROG systems. Problems generally occurring are due to improper installation, improper selection (misapplication), degradation of ROG components, loss of alignment, and degradation of the valves being actuated. Some of these problems involve the use of the “STOW” type rotary flexible shaft ROG. The primary problems with this system stem from excessive deflections or “wind up” caused by the core’s torsional limitations. Because of this, a limitation of eight feet per installation was imposed in new ship specifications. Another problem with this system is the fact that the system is made of ferrous material resulting in excessive corrosion. Because of the problems with this particular system it has been restricted from being used on all new ship construction. Whenever, existing “STOW” type systems require repair or replacement, it is acceptable to do so as long as the replacement parts are upgraded with corrosion resistant materials, the core/casing have equal or greater torsional capabilities, and assurance is made that the original system was operable.

   There are basically three different types of remote valve operation that are performed by using ROG’s, classified as follows:

(a) Trip mechanisms-such as a fuel quick closing valve

(b) Open/shut situations-such as completely opening or closing a valve for damage control purposes, and

(c) Throttling-Where precise positioning of the valve is needed for flow or pressure control

  At the present time there are six different type Remote Operating Gear (ROG) Systems that are approved for use on US Naval ships:

     1.Rigid Rod- This system is generally made from tubular or solid shafting, bearings for support, universal joints, gearboxes and swivel gears for changing direction.

    2.Rotary Flexible shaft –Uniflex (manufacturer B.W.Elliott Mfg. Co. LLC)-This system utilizes a stainless steel flexible shaft that rotates within a conduit to transmit torque to a remote valve. This system can be used for both multi turn and ¼ turn valves.

    3.Dual Linear –(manufacturer Triumph Controls Inc.  formally  Teleflex)-This system utilizes a flexible steel shaft within a conduit that transmits torque by linear motion.  This system can be used for multi turn and ¼ turn valves. 

    4.Single Linear- (manufacturer Triumph Controls Inc. formally Teleflex)-Utilizes linear motion to transmit torque same as duel linear system.This system is used for remote trip mechanisms.

    5.Single Linear Ball Bearing- (manufacturer AeroControlex Corp)-This system uses linear motion to transmit torque ,however, it utilizes ball bearing to reduce friction.This system is used for ¼ turn valves.

    6.Dual Linear Ball Bearing- (manufacturer AeroControlex Corp)-This system utilizes linear motion to transmit torque plus ball bearing for reduced friction.This system is used for multi turn valves.

ROG Procurement Specifications- Past practice has been to use the Navsea Technical manual to procure ROG’s. Although there is an effort ongoing to develop an ASTM Standard Guide (interim designation Z6497Z), it is not planned to use this as a procurement specification. It is planned to continue with using the manufacturer’s NAVSEA technical manual together with this write-up to procure ROG systems in the future.

Where valves are accessible, the ROG shall have a quick dissconnect, which would disengage the ROG to allow local operation. Inaccessible valves would not require this feature.

505-11.2 Rigid Rod-This system is generally made from tubular or solid shafting, bearings for support, universal joints, gearboxes and swivel gears for changing direction. Specifications should be in accordance with the following:

Rigid shafting (tubular)-------------------Mil-P-24691

Rigid Shafting (Solid)--------------------QQ-S-763

Universal joints---------------------------Mil-U-20625

Deck plates--------------------------------5000-S4823-860220

Lock boxes--------------------------------5000-S4823-1385502

Hand-wheels------------------------------803-1385620

Bulkhead penetrations-------------------S4824-841653

Operating systems shall have reduction gearing or hand-wheels larger than those normally furnished with the valves where necessary for easy operation or more sensitive control. Slip type couplings shall be used on rigid shafting where necessary for system flexibility or valve stem movement. Lengths of shafting between couplings or other detachable components shall be such that it is not necessary to cut the shaft for removal, or necessary that multiple shorter pieces be installed in replacement.

505-11.3 Rotary Flexible Shafting Mechanical Valve Actuator System (Uniflex)

Navy Technical Manual: S6435-SM-MMM-010 identifies the rotary flexible shafting system. System installation instructions, operating procedures, and limitations are described in this manual. Essentially, the approved system manufactured by Elliott Company is their “UNIFLEX” system. This system features stainless steel construction of the core and casing. This system comprises an outer casing in which a wire rope cable rotates .The deck box or remote operating station induces a stepped up rotary motion to the cable which minimizes the torque on the cable, at the valve station actuator this actuator reduces the rotary motion to the necessary ratio to operate the valve .The overall rotary ratios for the system can vary from: 2:1,3:1,4:1,6:1,9:1and 15:1. All the components are non corrosive and also can be non-magnetic if desired.
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                               ROTARY FLEXIBLE SHAFT SYSTEM (UNIFLEX)

505-11.4 Dual and Single Linear Flexible System (Triumph Controls Inc.) These systems are described by the Navy technical manuals: S6435—QJ-MMI-010 and S6438-AA-DDT-010 respectively. These manuals provide system installation instructions, operating procedures and limitations. This system employs a helix cable within a conduit. The helix cable slides linearly in one direction or the other (depending if valve is opened or closed) within the conduit. The rotary input motion is converted to linear motion as the helix cable meshes with the spur gears at the remote station. This linear motion is transformed back to rotary motion by a spur gear in which the cable helix fits in the gear teeth at the remote station, which in turn operates the valve.

The dual linear system using two helix cables (one complete circuit) is needed for both quarter turn and multi turn valves. As can be seen in the system sketch a connector connects the cable. This connector cannot go through the gears on each end of the system. Therefore the linear distance to open and close the valve must assure that the connector never enters into the gears, therefore the cable system or distance from the remote station and the valve itself has to be a minimum distance to avoid the need to have excessive cable. The manufacturer has recently developed a connector link, which can pass through the spur gears thereby eliminating the minimum distance limitation. It  should also be noted that in order for the input shaft rotation to correspond to the output shaft rotation that the cable must have a figure eight configuration (not shown in figure below).  The duel linear system can be provided with the following gear ratios: 1:1, 2:1, 4:1, 8:1 and 16:1.

The single linear system, is a single cable system with a helix exactly like the duel system described above except the cable is not a continuous cable. This system is described in the NAVSEA technical manual S6438-AA-DDT-010, which describes the system, installation instructions and operating requirements. This actuator is primarily used as a remote trip mechanism for tripping quick closing trip valves. 
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505-11.5 Multi Turn Dual Linear Ball Bearing System (AeroControlex Group)                                               Navy technical manual: S6435-GZ-MMA-010 identifies the Multi Turn ball bearing system. System installation instructions, operating procedures, and limitations are described in this manual. This system transmits force through a reciprocating plate that is captivated by steel ball bearing guides. An input actuator assembly causes linear reciprocating motion to the plate. Flexible conduit encases the entire plate, bearing guide, and ball bearings. The linear motion is converted back to rotary at the output actuator assembly by the use of a crank mechanism. This system is used for multi turn valves where high torque is required. This system has a high efficiency, is capable of transmitting high torque has very little bask-lash (wind up/lost motion), and provides good “feel” and valve control. This system can be provided with 4:1, 2.9:1, 2:1, 1.5:1 and 1.15:1 overall gear ratios.

.[image: image4.jpg]SOCHET END SLEEVE

gourtsia Mt
ACTUATOR|
LOCAL ACTUATOR CONTROL. CARL
MOLNTING PLATE END SLEEVES
[ALTERNATE LOCATIQN]
E o] _
( =T TP}
= e T
A 8 D 2 | CONTROL CABLES
=" - ®)
COuPtL| T
o " FIRST CLAME POINYS
BULLET REGION DECK POX COVER
END SLEEVE WRENCH FLATS
$EX HEAD BOLTS

DECK BOX WELD SUEEVE

SOCKET HEAD CAP SCREWS
CECK 80X
MOUNTING FRAME

HEX HEAD BOLYS

DECX BOX

UOUNTING PLATE
IPRIMARY LOCATION)

SOCKEY END SLEEVE DRIVE COUPLING

i R
—J

Nl )
K \‘RENOYE ACTUATOR

DRIVE SORMRE

FIRST CLAMP POINTS REGION
WRENCH FLATS

CONTROL CABLE
END SLEEVES

T ENO SLEEVE
CABLE COUPLING HUT BULLET: END




Multi-Turn Ball Bearing Remote Valve Operating System

505-11.5.1 Quarter Turn Single Linear Ball Bearing System AeroControlex Group

Navy technical manual S6435-NS-MMA-010 identifies the Quarter Turn ball bearing system. System installation instructions, operating procedures and limitations are described in this manual. Force transmission elements of this system are similar to the dual linear ball bearing system except only one control cable is used. For quarter turn valve operation the linear motion is converted to rotary motion by a rack and pinion arrangement located at the valve actuator. Because of the high efficiency of this system and the low back- lash (wind up/lost motion) this system can be used for high torque applications and wherever valve control is needed. For quarter turn valves, e.g. high performance butterfly valves, the gear box provided by the valve manufacturer can be eliminated where valve torque values are within system limits and facilities are provided for local manual operation plus prevention of the valve back driving the ROG system. This allows the single linear system to be used, which reduces cost with reduced maintenance.
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Single Linear Ball Bearing ¼ turn system-interface between actuators and ball bearing control
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                                           Single Linear Ball Bearing ¼ turn system – cont.
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Quarter Turn Ball Bearing Remote Valve Operating System

11.6   SELECTION  CRITERIA

There are several areas of consideration that must be taken into account during the selection of the ROG system. Each application must be made on an individual basis .It is not possible to procure one manufacturer’s design and apply it to all the various situations on a ship .One of the first considerations that must be taken is the distance between the remote station and the valve being controlled. If the distance is more than 10 feet then rigid rod systems can be eliminated, unless otherwise approved. . Also, if the distance is less than that determined from the sketch below, then the Triumph Controls Dual Linear system having the rigid connector link can also be eliminated. The reason for this is that this system needs a minimum separation to obtain the turns needed to operate the valve from full open to full close otherwise the cable connector will be forced into the gearing causing failure. In the past, to avoid this situation, installers rapped excess cable around stantions, or coiled the excess in a convenient area, which is inefficient and is not approved. If the distance is less than two feet then the Elliott, Uniflex system can also be eliminated. Because flexible ROG’s have a certain “wind up” associated with them, which vary with the resistance torque needed, the upper limit for “wind up” is 90 degrees. Where the system cable length is greater than 40 feet and the input torque approaches 45 ft-# then the Elliott and Teleflex systems should be verified that this wind up requirement is not exceeded.

As a minimum, the following criteria should be considered when developing ROG performance specifications: (1) Available space at the valve and remote locations, (2) Type of remote operator required-i.e. flush mount or bulkhead mounted, (3) available space for conduit routings and bulkhead penetrations,(4) Environment conditions such as humidity, salt spray, heat,temperature and submergibility.

It is imperative that valve operational ability and torque requirements are verified prior to any ROG installation. No ROG system will operate an inoperable (frozen) valve. Functional and mechanical correctness should be verified with valves exhibiting excessive torque requirements. Faulty valves should be overhauled or replaced to avoid potential damage to the ROG system. ROG systems have historically been identified as the culprit when a valve can not be remotely operated. In many instances valve failures are misidentified as ROG failures.

Valve manufacturer’s data for a new valve should be scrutinized. A valve that has been in service for an extensive time will typically have dramatically different torque values when compared to an identical newly installed valve. System fluid/environment will have an adverse affect on the torque levels. Actual valve measurements when taken should include:  breakaway,  running and closure torque. The selected system should be capable of producing the maximum torque recorded.

The ROG systems described above have drive mechanisms that generate mechanical advantage delivering increased rotary torque to the valve. For example, a system utilizing a 4:1 mechanical advantage would require one full turn of the remote operator input device to completely open or close a ¼ turn valve. If the same system were applied to a multi-turn valve such as a gate or globe valve requiring 20 turns to cycle (open or close) the valve, then 80 turns at the remote operator input device would be needed. This is an important aspect in developing ROG specifications. Wherever possible, the total number of turns at the remote operator should not exceed 40 full turns to either open or close a valve. Also the input torque should be limited to 45 ft-# of continuous input torque. It is understood that in some cases this maximum number of turns would have to be violated, in which case, the system having the lowest combined turns and input torque should be applied.

TRIUMPH CONTROLS  MINIMUM LENGTH DETERMINATION (where fixed link connector is used)
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The next criteria involve the maximum valve torque requirements. This value should be based on either the valve manufacturer’s data or actual measurements on the valve. Because the manufacturer’s data is likely to be nominal for a new valve, the torque should be increased by 200%. Actual data taken on installed valves should also be scrutinized for example if the valve has been in service for an extensive time then the torque value can be used directly without an increase, however, where torque values are taken on a newly installed valve, the measured torque should be increase by 200%. This increase is needed due to the likelihood that system fluid / environment will have an adverse affect on the torque levels. Actual valve measurements when taken should include: break-away, running and closure torque .The selected system should be capable of producing the maximum torque recorded .Now in order for some systems to generate the required torque at the valve, the mechanical advantage may have to be increased .For example, if a system needs to use a 4:1 advantage then a ¼ turn valve would be opened at the remote station with one full turn, however, if the valve is a multi-turn valve such as gate/globe where it takes 20 turns at the valve then the 4:1 gear ratio will cause the remote station to require 80 full turns to open/close the valve .This is an important aspect in selecting an ROG system .It is the intention of this selection guidance to limit the number of turns at the remote station to a maximum of 40 full turns. If the selected system requires more, then an alternate system needs to be used. Also, the torque needed at the remote station must be restricted to 45 ft-#. This will allow most personnel, the capability to operate the system .If the torque needed at the remote station is greater than 45ft-# a greater gear (mechanical advantage) ratio would have to be selected, however, then the maximum number of turns at the remote station could be violated. That is, for the same ¼ turn valve if a 16:1 gear ratio is selected to increase the output torque at the valve then the number of turns at the remote station increase from one turn to four turns, which is acceptable, for this example, as long as the remote station torque is below 45ft-#.
Once the maximum valve torque is established , along with the length of the system and total number of degrees of turns or bends in the system, the input torque of the system can be determined from the manufacturer’s technical manuals. Input torque shall be limited to 45 ft-# and 90 degrees deflection (wind up), and system requiring higher number of turns needed to open/close the valve (at the valve) should be evaluated.

505-11.7 -RIGID ROD DESIGN: Where the distance between the remote station and the valve is ten feet or less it is recommended that the rigid rod system be considered first. First the offset between the remote station and the valve must be 30 degrees or less. This will allow a maximum of two universal joints to be used; each universal joint should be limited to a maximum angular misalignment 15 degrees. If the offset is greater than 30 degrees, the use of a gearbox and/or swivel maybe used .The overall efficiency of a rigid rod system should not be less than 50%. For example, if a system needs two universal joints, a swivel, and a gear box, the overall efficiency of this system is: 75%X75%X95%X95%=50%. The use of non-corrosive materials should also be utilized. Plus slip joints for allowing thermal expansion or structural movement, to avoid binding, slip joints shall be installed between any two rigidly mounted components. Remote stations shall have valve position indicators. Where compartment or bulkhead integrity has to be protected, stuffing boxes/tubes shall be utilized.

  Universal joints shall be installed as shown in the figure below. The forks of the joints should be mounted parallel to one another. This will provide uniform rotation to the driven shaft because the second joint compensates the rotational error introduced by the first joint.
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Quick Disconnect Couplings or Devices-Where the valve is in an accessible location; the ROG shall have a quick disconnect which would disengage the ROG to allow local operation of the valve.

Torque required to operate valves vary widely among manufacturers, sizes, service and valve types. The table below indicates the handwheel size and maximum tangential forces to provide the needed torque.

The following table provides maximum hand wheel values, which are applicable for all ROG systems
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" 27 & BELOW 90 7.5
3 98 12.3

4 106 17.7

5 112 23.3

6 118 29.5

7 121 35.3

8 124 41.3

9 127 47.6

10 130 54.2

11 133 61.0
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18 144 108.0

21 )| 147 128.6
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The following tables provide rigid rod component selection  guidance for solid and tube  diameters providing : rod diameters, allowable torque and the expected torsional deflection (backlash) in degrees/ 

rod length (ft)/ torque (ft-lb.).
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i POLAR MOMENT TORSIONAL ROD ALLOWABLE
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.840 .570 039 .018 1.02 57.3
1.050 .780 .083 .008 1.32 08.8
1.315 1.045 A77 .004 1.70 167.8
1.660 1.390 379 .0018 2.20 285.4
1.900 1.630 .586 .0012 2.54 385.8





[image: image14.jpg]MECHANICAL PROPERTIES OF SOLID ROD
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997
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505-11.8  Pre/Post installation requirements-The specifier should include requirements for final checkout once the system (s) are installed to assure that the ROG performs satisfactory. Any requirement for the supplier to visit the installation site during and after completion to inspect the system should be included in the contract. It is recommended that the ROG be cycled through a complete cycle to assure proper operation. Generally, it is recommended that the ROG supplier be included in the design, installation and acceptance testing of the system.
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