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CUSTOMER:    MASTER FLO VALVE (USA) INC.  
                                            NEWFIELD EXPLORATION 
 
PROJECT NAME:   NEWFIELD MC506 
 
P.O. #:    MC506-281    
 
P.O. LINE ITEM #:   1 
 
     
TRANSPORT BODY SERIAL #: CIXB-234 
HRV SERIAL #:             HRV-865 
ACTUATOR SERIAL#:  ROT-3873 
 
W.O. #:    53749, 53750, 53751 
D.S. #:    65746, 65747, 65748 
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1.0 SCOPE:  
 
 This specification covers the surface preparation and coating of all Master Flo products 
 intended for immersion service.  The maximum rated temperature on the exterior of the 
 choke for this paint system is 140°F (60°C) in an immersed environment and 250°F 
 (121°C) in a non-immersed environment.  This paint system is not intended for use with 
 thermal insulation. 
 
2.0 GENERAL REQUIREMENTS:   
 
2.1 Painted coatings shall be of a high build Epoxy Mastic type. 
2.2 The final color is to be White unless otherwise specified on work order referenced paint 

drawings (as applicable). 
2.3 Wet film and dry film thickness gauges are to be provided and operated. 
2.4 A pressure gauge shall be provided and operated suitable for checking abrasive blasting 

pressures. 
2.5 Suitable air thermometers and a hygrometer shall be provided and operated in order to 

ensure that the temperatures, relative humidity, and dew point are within the specified 
parameters during the surface preparation, application, and curing periods. 

2.6 Surface preparation shall be carried to SIS 05 59 00.  A surface profile comparator and/or 
a press-o-film micrometer shall be provided and operated to ensure that the surface 
profile is to the specified standard. 

 
3.0 SURFACE PREPARATION:   
 
3.1 Parts to be painted shall be free of rust, dirt, scale, grease, salt, oil, or other 

contaminants.  Contaminated areas shall be solvent cleaned per SSPC-SP-1 (Society 
For Protective Coatings). 

3.2 Parts are then to be masked to protect machined surfaces, stems and other areas that 
could be damaged by abrasion.  Flange mating faces shall be protected with metal 
covers to protect internal components and machined faces.  Any cleaned surfaces left 
overnight without coating shall be-blasted before application of coating. 

3.3 Pressure containing components (body, bonnets, flange, etc) to be abrasive cleaned to 
white metal blast per SSPC-SP5 (NACE 1, ISO 8501-1 Sa 3).  Surface preparation for 
other components to be abrasive cleaned to near white metal blast per SSPC-SP10 
(NACE 2, ISO 8501-1 Sa 2 1/2).  Blast profile to be 40-75 microns.  Blasting abrasive will 
be Aluminum Oxide.  

3.4 The compressed air supply used for blasting shall be free of water and oil.  Operating 
pressure at blast nozzle shall be a minimum of 90 psig.  Dead-man valve shall be fitted at 
the blast nozzle. 

3.5 If the relative humidity exceeds 85% or surface temperature is within 5°F of the dew 
point, all blasting shall be suspended. 

3.6 Parts shall be cleaned of all dust and sand by brushing, industrial vacuum or blowing with 
clean, dry, oil-free air. 

 
4.0 APPLICATION INSTRUCTIONS:   
 
4.1 Parts shall be primed within four (4)hours of blasting, and not be allowed to cool within 

5°F above dew point during this time. 
4.2 The length of the material hose between pressure pot and spray gun shall not exceed 50 

feet.  The mixed coating shall be continuously stirred by mechanical spray pot agitators 
or other approved means. 

4.2.1 Mixing & applications of paint shall be in accordance with manufacturers 
recommendations. 
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4.3 Primer technique shall be applied per section 5.0 and 5.1, including application, 
temperature, dew point, and proper thinner-to-paint ratio. 

4.4 Wet film thickness shall be inspected with a wet film thickness gauge. 
4.5 After the primer coat has dried, it shall be inspected with a dry film thickness gauge. 
4.6 The high build coat shall be applied after the primer coat has dried, per section 5.0 and 

5.1. 
4.7 Wet film thickness shall be inspected with a wet film thickness gauge. 
4.8 After the high build coat has dried, it shall be inspected with a dry film thickness gauge. 
4.9 The finish coat shall be applied after the high build coat has dried, per section 5. 
4.10 Wet film thickness shall be inspected with a wet film thickness gauge. 
4.11 Total dry film thickness of the three coats shall be inspected 

  
5.0 COATING SPECIFICATIONS: 
 

Master Flo Preferred (Carboline) 
COAT PRIMER HIGH BUILD FINISH 
TYPE HIGH BUILD EPOXY 

MASTIC 
HIGH BUILD EPOXY 
MASTIC 

HIGH BUILD EPOXY 
MASTIC 

PAINT NAME CARBOLINE 890 PTA CARBOLINE 890 PTA CARBOLINE 890 PTA 
CURING AGENT CARBOLINE 890 PTB CARBOLINE 890 PTB CARBOLINE 890 PTB 
VOLUME MIX RATIO 
(PAINT-TO-CONVERTER) 

1:1 1:1 1:1 

THINNER #2 #2 #2 
THINNER-TO-PAINT RATIO (MAX.) 10% 10% 10% 
MIN. APPLICATION TEMP.  10°C 10°C 10°C 
RELATIVE HUMIDITY (MAX.) 85% 85% 85% 
WET FILM THICKNESS 
MIN. MICRONS (MILS) 
MAX. MICRONS (MILS)  

 
150-225 (6.0-10.0) 

 
150-225 (6.0-10.0) 

 
150-225 (6.0-10.0) 

DRY FILM THICKNESS 
MIN. MICRONS (MILS) 
MAX. MICRONS (MILS) 

 
100-150 (4.0-6.0) 

 
100-150 (4.0-6.0) 

 
100-150 (4.0-6.0) 

MIN. DRY TIME  @  75°F 4 HOURS 4 HOURS 8 HOURS 
MAX. TIME BETWEEN COATS 30 DAYS 30 DAYS 30 DAYS 
 
MINIMUM TOTAL DRY FILM THICKNESS, MICRONS (MILS) = 350 (14.0) 
 
 
5.1 Coating Specification: Optional (International Paints) 
 

  COAT PRIMER HIGH BUILD 
TYPE SURFACE TOLERANT 

EPOXY 
SURFACE TOLERANT 
EPOXY 

PAINT NAME INTERSEAL 670 HS PART 
A 

INTERSEAL 670 HS PART 
A 

CURING AGENT INTERSEAL 670 HS PART 
B 

INTERSEAL 670 HS PART 
B 

VOLUME MIX RATIO 
(PAINT-TO-CONVERTER) 

5.67 : 1 5.67 : 1 

THINNER INTERNATIONAL GTA 415 INTERNATIONAL GTA 415 
THINNER-TO-PAINT RATIO (MAX.) 10% 10% 
MIN. APPLICATION TEMP. 10°C 10°C 
RELATIVE HUMIDITY (MAX.) 85% 85% 
WET FILM THICKNESS 
MIN. MICRONS (MILS) 
MAX. MICRONS (MILS)  

 
213(8.5) 
244 (9.8) 

 
213 (8.5) 
244 (9.8) 

DRY FILM THICKNESS 
MIN. MICRONS (MILS) 
MAX. MICRONS (MILS) 

 
175 (7.0) 
200 (8.0) 

 
175(7.0) 
200 (8.0) 

MIN. DRY TIME  @  75°F 16 HOURS 16 HOURS 
MAX. TIME BETWEEN COATS 14 DAYS 14 DAYS 
   
 
MINIMUM TOTAL DRY FILM THICKNESS, MICRONS (MILS) = 350 (14.0) 
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6.0 CERTIFICATION OF COMPLIANCE:   
 

A Master Flo paint certification stating that parts were painted according to this procedure 
shall be completed. 
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PAINT CERTIFICATION 
 

CUSTOMER:  SERIAL NUMBER:  

DESCRIPTION:  QUANTITY:  

WORK ORDER :  DATE:  

 
 

  

1.  CLEANING DATE COMPLETED  
 ACTUAL BLAST PROFILE  
 RELATIVE HUMIDITY  
   
2.  FIRST COAT DATE APPLIED  
 TEMPERATURE  
 CURING TIME  
 WET THICKNESS  
 DRY THICKNESS  
 BATCH NO./PAINT  
 BATCH NO./THINNER  
   
3.  SECOND COAT DATE APPLIED  
 TEMPERATURE  
 CURING TIME  
 WET THICKNESS  
 DRY THICKNESS  
 BATCH NO./PAINT  
 BATCH NO./THINNER  
   
4.  THIRD COAT (SYSTEM 5.0) DATE APPLIED  
 TEMPERATURE  
 CURING TIME  
 WET THICKNESS  
 DRY THICKNESS  
 BATCH NO./PAINT  
 BATCH NO./THINNER  
   
 FINAL COAT THICKNESS  
   
   
 Q.A ACCEPTANCE:  
 DATE:  
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TITLE:    REVISION RECORD  

  
REVISION DATE DESCRIPTION PREPARED APPROVED 

0 3/98 INITIAL APPROVAL, WAS ES-112 MS DS 
A 11/98 ADD TO 5.0 MS DS 
B 1/99 ADD 4.12, ADD TO TABLE KM  DS 
C 10/00 MODIFIED RATIOS IN SEC 5.1 AB DS 
D 05/08 MODIFIED SECTION 3.1, 3.3, 3.5, 4.1 & 4.12. 

5.0 TABLE, MODIFIED DRY FILM THICKNESS &
WET FILM THICKNESS.   
AND REMOVED SECTION 7.0, 7.11 & 7.12 

AK PB 

E 05/08 MODIFIED SECTION 5.1 TABLE AK PB 
F 07/08 MODIFIED TITLE AND SECTION 1.0 AK PB 
G 09/08 REMOVED SECTION 4.12 AK PB 
H 09/08 REMOVED SECTION 5.0 (HOLIDAY TEST) 

FROM PAINT CERTIFICATION 
AK PB 

I 11/08 MODIFIED SECTION 3.3. AK PB 
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1.0 SCOPE:    
 
 To define the process utilized for handling, storing, packaging and shipping of products to 

customers and within Master Flo Valve Inc. 
 
2.0 RESPONSIBILITY:  
 
2.1 DOMESTIC SHIPMENTS 
 
 It is the responsibility of the manufacturing personnel to ensure all required areas are 

lubricated/coated for corrosion resistance.  The manufacturing personnel must also affix the 
appropriate protectors on flanges, threads or exposed seal areas. 

 
 It is the responsibility of the shipper/receiver and/or delegate to package the product 

appropriately to ensure damage does not occur under normal handling and delivery conditions. 
 
2.2 INTERNATIONAL SHIPMENTS 
 
 It is the responsibility of the manufacturing personnel to ensure all required areas are lubricated 

and coated for corrosion resistance.  The manufacturing personnel must also affix the 
appropriate protectors on flange or hub faces, butt-weld prep surfaces, threads or exposed seal 
surfaces. All valves except HRV’s will be delivered to shipping in a horizontal position by the paint 
department.  HRV’s will be delivered to shipping in a vertical position with the outlet facing down. 

 
 It is the responsibility of the exporter and/or delegate to have the product packaged appropriately 

to ensure damage does not occur under normal to adverse handling/delivery conditions. 
 
2.3 HANDLING OF STORED PRODUCTS 
 It shall be the responsibility of manufacturing, warehouse, QC & receiving personnel to ensure 

against damage and deterioration within Master Flo facility. 
 
3.0 PACKAGING/STORAGE/ PRESERVATION:  
 
3.1 ASSEMBLED PRODUCTS 
 
 All valves after completion of hydrostatic testing shall be dried thoroughly including body cavity.  

All required areas of Master Flo products shall be lubricated with the following for corrosion 
resistance. 

 
a) Molydisulphide lubricant (AP-5) shall be applied with a grease gun to areas fitted with 

standard grease zirks. 
 
b) Inlet and outlet bore areas and flange or hub faces shall be lubricated with LPS 3 

Premium Rust Inhibitor per section PS 01-A-002. 
 
 All areas required to be covered to prevent deterioration or contamination shall be 

protected with the appropriate materials. 
 
c) Flange or hub faces are to be covered by plastic, wood or masonite covers.  All other 

inlet and outlet connections shall be adequately protected. 
 
d) Exhaust or inlet ports are to be plugged by proper plugs or caps. 
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e) All valves except HRV’s will be delivered to shipping in a horizontal position by the paint 

department.  HRV’s will be delivered to shipping in a vertical position with the outlet 
facing down. 

 
 
 
3.2 COMPONENT PARTS 

 
 Component parts shall be packaged by the vendor in vendor supplied packaging or in specialized 

Master Flo packaging containers to prevent damage or deterioration.  All packages shall indicate 
product part number.  Critical areas of component parts and packaging types are detailed in the 
following Matrix.  All shipping containers / pallets shall be lined by suitable means to ensure 
components are sufficiently protected.  Vendors and Master Flo receiving are responsible to 
ensure these guidelines are enforced.  Master Flo QC and warehouse personnel are to ensure 
the packaging is reinstalled after inspection or storage of the components.  
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3.2.1 PACKAGING MATRIX 
 

Component Part Packaging Type 
SURFACE CHOKE / CONTROL VALVES: 

* Body (Acme Threads)    Plastic Cap 
* End Connections (Sealing Face)   Plastic / Wood Flange Protector 
**Collar (Sealing Face & Balance Sleeve Seal area) Individually boxed with foam or paper liner 
**Nozzle (OD & Face)     Individually boxed with foam or paper liner 
Stem (OD & Threads)    Heavy Plastic Netting 
Bonnet (Sealing Faces)    Low Adhesive Tape 
Balance Sleeve (Sealing Faces)   Plastic Caps 
  

For Sizes Up To And Including ½” Nominal Diameter: 
Boxed.   

Studs / Capscrews (Threads)  

For Sizes Larger Than ½” Nominal Diameter: Individually 
Boxed, Individually Wrapped or Plastic Netting. 

**Seat (Seal Angle)   Individually boxed with foam or paper liner 
PNEUMATIC PISTON ACTUATORS: 

Stem Extension (OD & Gear Teeth)   Heavy Plastic Netting 
Adjusting Screws (Threads)    Heavy Plastic Netting 
Positioning Gears / Shafts (OD, Threads & Teeth) Plastic Netting or Shrink Wrap to cardboard base 
Positioning / Feedback Devices   Individually Boxed 

LINEAR HYDRAULIC ACTUATORS: 
Cylinder (Sealing Faces)    Plastic Cap 
Piston (Sealing OD)     Heavy Plastic Netting 
Stem Extension (Threads)    Heavy Plastic Netting 
Indicator Drive Shaft (Gear Teeth)   Individually Shrink Wrap to cardboard base 
Positioning Gears / Shafts (OD, Threads & Teeth) Individually Shrink Wrap to cardboard base (MF) 

Positioning / Feedback Devices   Individually Boxed 
ROTARY STEPPING ACTUATORS: 

Piston (Sealing OD)     Heavy Plastic Netting or Individually wrapped on cardboard 
base 

Stem (OD) Heavy Plastic Netting 
Cylinder Barrel (Sealing Face) Plastic Cap 
Cylinder Cap (Sealing Faces)  Plastic Cap 
Drive Shaft (Sealing OD’s & Slot Edges) Heavy Plastic Netting 

SUBSEA PRODUCTS 
* HRV Body (Inlet, Outlet and Main Bore) *Plastic Flange Protectors 
HRV Main Seal Individually Boxed 
Bean Seal / Straight Bore Metal Body Seal Individually Boxed 
Sub Sea Stem Wrapped in foam or paper packaging then inserted into a 

cardboard box or wrapped in cardboard 
Flow Trim Components Individually Boxed 
Metal Stem Seal Heavy Plastic Netting or Individually Boxed 
HRV Bonnet Plastic Cap on External Threads 
HRV Canister Foam Wrapping on Bean Seal Area 
Wear Sleeves Individually Boxed 
* Flange faces and Bodies with Integral Flanges should be protected with appropriate means before 

shipping to outside processes.  For HRV bodies with butt-weld prep surfaces instead of flanges:  The 
butt-weld prep surfaces shall be adequately protected. 

 
 ** Each box shall be labeled with the following as a minimum:  Part Number, Revision, PO Number and 

Line Number (if applicable). 
3.3 SEAL KIT PACKAGING 
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Seal kits packaging, or storage of the components, are to be assembled and packaged in the 
following manner. 

 
a) Parts picked as per OP 02-01-004. 
b) QC sign off of parts before final packaging, parts must be clearly marked and laid out for 

easy identification.  Any parts that are not already packaged must be and clearly identified 
with the part number and quantity. 

c) All components are to be packaged in a seal kit box, M4 (6 7/8 L x 6 1/8 W x 2 1/2 H) is 
common for majority of seal kits, B5 (9 5/8 W x 10 1/2 L x 2 1/2 H) is utilized for larger kits.  
eg. 23120-003. 

d) Boxes are then tagged with appropriate part numbers and description, tagging to be placed 
on the 2 1/2 high end.  Box is then shrink wrapped to avoid tampering. 

 
3.4 PRODUCTS BEING SHIPPED 
 
 All metal parts are to be packaged utilizing moisture resistant paper, wrapped properly in protective 

packaging material, boxed and tagged with part number & heat number.  Boxes will then be shrink 
wrapped, when size permits, according to machine limitations. 

 
 All products being delivered to the shipping department by the parts department must be packaged 

in this fashion, the shipping department may refuse packaging if deemed unsatisfactory for shipping. 
 
3.5 PRODUCTS TO BE SHIPPED 
 
3.5.1 DOMESTIC SHIPMENTS 
 
3.5.1.1 Assembled Products 
 
 Smaller products up to 75 lbs shall be boxed in appropriately sized cardboard boxes and securely 

taped to prevent damage. 
 
 Larger products shall be palletized and strapped with metal banding or shrink wrapped to pallet to 

prevent movement and damage during transport. 
 
 Larger single products that are protected to prevent damage to inlet and outlet areas may be 

shipped loose, providing valve can be handled easily without causing damage. 
 
 Domestic air shipments must be crated or boxed in enclosed containers. 
 
3.5.1.2 Component Parts 
 
 Component parts shall remain in it’s protective and boxed in a larger shipping container to prevent 

damage or deterioration.  All packages shall indicate product part number.  This encompasses 
products being shipped or stored. 

 
3.5.2 INTERNATIONAL SHIPMENTS 
 
 Packaging of products and components shipped internationally shall be crated in a wood container 

unless due to size and weight (up to 50 lbs), it can be packaged in a cardboard box. 
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 Smaller shipments that may be handled by hand shall be crated in wood boxes without bases for 
forklift entry. 

 
 Larger shipments shall be palletized on a base or crated in containers that are constructed per the 

following from kiln dried wood when specified and subject to order requirements. 
 

a) Base 
 
 The base shall be constructed from wood planks no less than 1 1/2" thick supported by 4" x 

4" skids.  The skids shall be positioned for easy entry and pickup by a forklift or other 
method.  Affixed to the top of the base shall be construction grade tar paper. 

 
b) Walls & Lid 
 
 Walls and lid shall be constructed with plywood no less than 1/2" thick and shall be 

reinforced by studs 1 1/2" x 3 1/2" minimum. 
 
 Products up to and including 2 1/2" shall be secured to the base by a minimum 3/4" metal 

strapping.  3" and up will be secured by 1 1/4" metal strapping.  All products will be held in 
place by minimum 2” x 4” blocking to prevent movement. 

 
 Once secured, the product shall be water proofed by enclosing it with 6 mil (minimum) 

plastic wrap. 
 
 After water proofing, a minimum of two sides shall be nailed directly to the skid and the other 

two nailed in place using reverse end wall system to add strength. 
 
 The lid shall then be installed by nailing to the 4 sides and metal strapping to the skid with 

minimum of 3/4" metal strap. 
 
c) Actuator Packing 
 
 Due to the fragile nature of this product, unmounted stepping actuators will be laid flat and 

strapped with 1 1/4" banding.  2” x 4” blocking will be used to hold the product in place. 
 
 

4.0 MARKING    
 
 All containers used for packaging shall indicate at a minimum on two faces Master Flo Valve 

company name and origin. 
 
 Also on two sides, the destination including company name, address, and contract name (when 

applicable) shall be detailed per the DS tickets, ship to address or attached documents detailing the 
product destination. 

  
 All crates will indicate this side up and handle with care stenciled on two sides. 
 
 For international shipments, the gross weight and crate and purchase order number shall be 

indicated. 
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TITLE:    REVISION RECORD 
REVISION DATE DESCRIPTION PREPARED APPROVED 

0 05/97 INITIAL APPROVAL, WAS QAS-025 KB KS 
A 05/99 ADD TO 3.2, 3.3.1.2, 3.3.2, 4.0 MB MB 
B 05/01 ADD TO 3.2 & 3.3 KS DS 
C 05/05 REVISE SEC. 2.2 & 3.1 TO ADD NOTE SC SS 
D 05/05 REDEFINE CHOKE TRIM REQUIREMENTS 

REMOVE SECTION 3.2.1 FOR PIG BALL VALVES 
LK SS 

E 09/06 REDEFINE STUD TO CAPSCREW THREAD AS 
REQUIREMENTS IN SECTION 3.2.1 

AS PB 

F 05/08 REVISE SECTION 3.1 (B) AK PB 
G 03/09 REVISED SECTION 3.1 SW IH 
H 12/09 REVISED SECTION 3.1 (B) CD PB 
I 01/10 REVISED SECTIONS 2.2, 3 AND 3.2.1 TO ACCOUNT

FOR VERTICAL SHIPPING POSITION OF HRV’S AND
BUTT-WELD PREP SURFACES 

MY PB 

 
 
 
 



TM  
 

 

MASTER FLO VALVE INC. 
Head Office 
4611 - 74 Avenue 
Edmonton, Alberta 
Canada, T6B 2H5 

 

 

 

THE LEADER IN CHOKE TECHNOLOGY 
Tel:  1 780 468-4433    Fax:  1 780 469-9853 

Info@masterflo.com    
 www.masterflo.com 

  

 

MAINTENANCE MANUAL 



 

 MB-CSS-35IRRSS11  REV 0 04/09 
 

TM  
 

MAINTENANCE INSTRUCTIONS 
 

P35-15K HRV INSERT RETRIEVABLE CHOKE AND  
 

RUNNING TOOL 
 

 
 

TABLE OF CONTENTS 
 

SECTIONS: 
1.0 Description of Operation 
2.0 Technical Specifications 
3.0 Handling, Transport and Storage 
4.0 Insert Preparation, Installation and 

Removal and Running Tool Storage  
5.0 Monitoring  
6.0 Maintenance  
7.0 Parts List & Assembly Drawings 

7.1 Insert Retrievable Choke 
7.2 Running Tool 

8.0 Cv Chart 
 



 

 MB-CSS-35IRRSS11  REV 0 04/09 
 

 
1.0 DESCRIPTION OF OPERATION 
 
1.1 Subsea Production Choke 
 

The Master Flo production choke offers maximum control throughout the operating range with 
the use of a trim configuration, which produces equal percentage flow characteristics.  The 
Master Flo trim is of a cage with an external sliding sleeve design.  With two sets of two ports 
in the cage, the Master Flo trim achieves accurate, long life control.  The lower set consists of 
two small ports providing the initial 15% control range while the upper set are large ports that 
provide the overall capacity.  The cage port configuration also incorporates an exceptionally 
high turn-down ratio, providing a wide control range and excellent versatility.  The choke is 
designed to accommodate special service conditions and reduce wear problems associated with 
harsh environments.  It's design, use of materials and use of metal seals all contribute to 
extending the choke service life. 
 

1.2 Hydraulic Subsea Stepping SL Actuator 
 

The choke is operated using a SL stepping actuator with top mounted manual override.  Refer 
to the SL actuator maintenance manual for actuator information. 

 
1.3 Insert 
 

The actuator and internals of the valve are contained in a removable insert.  The insert is 
separable from the body by use of an ROV and a running tool (see section 1.4).  All seals and 
replaceable parts are contained in the removable insert.   

 
The insert is clamped to the body with three clamp sections operated by a threaded stem, as 
shown in Figure 1.1.  The stem contains an API 17D ROV receptacle for ROV operation.  
Rotating the stem clockwise moves the two sections together closing the clamp, while counter-
clockwise rotation separates the sections opening the clamp.  The taper of the clamp sections 
causes the bonnet to press into the body when the stem is tightened resulting in a preload being 
applied to the insert-body metal seal for seal energization.  As the clamp is opened this seal 
preload results in the insert being lifted out of the body as the seal preload is relaxed.  This lift 
is sufficient to release all insert seals resulting in the insert being free to be removed from the 
body.  Standard configuration is side drive as per figure 1.1.  A top drive configuration with a 
3:1 gear ratio or a 4:1 gear ratio is optionally available. 
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Figure 1.1: Clamp (Direct Drive) 
 
1.4 Running Tool 
 

The insert is installed or retrieved by means of an unmanned mechanical intervention running 
tool.  The running tool contains a guide cage, which aligns inside a funnel permanently 
mounted around the choke body (see Figure 1-2).  The guide frame incorporates a rotational 
guidance system for angular alignment of the insert to the valve body and the funnel provides 
positional alignment.  The rotational and positional alignment is 120° and 6.5”, respectively.  
The cage extends below the insert to ensure that the insert is fully protected from damage 
during handling. 

 

 
 

Figure 1.2: Running Tool 
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1.4.1 Latch Assembly 

 
The latch assembly on the tool is a mechanically operated unit that latches the tool to 
the insert.  Balls that are driven radially outwards to engage in an internal groove within 
an API 17D bucket provide the latching function on the insert.  The position of the latch 
lever is utilized to verify if the tool is latched to or released from the insert.  An ROV-
operable lock mechanism on the handle prevents unwanted disengagement of the clamp. 
 

1.4.2 Secondary Release Mechanism 
 

The running tool incorporates a secondary release mechanism, which can be utilized to 
release the tool from the insert in the case that the operating handle on the latch 
mechanism becomes non-functional.  Lifting the secondary release will release the 
insert from the tool (see Figure 1-3). 

 

 
 

Figure 1.3: Released and Engaged Positions of Emergency Release 
 
1.4.3 Soft Landing Cylinders 

 
The running tool contains soft-landing cylinders between the tool latch assembly and 
the guide frame.  These cylinders utilize controlled flow of seawater to provide a soft-
landing for the final 4 inches of insert travel when landing in the valve body.  The 
cylinders incorporate a quick extension feature so the guide frame is immediately 
extended whenever the tool is lifted.  This feature ensures that soft landing will occur 
regardless of the previous loading that the tool has experienced. 
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Figure 1.4: Soft-Landing Cylinders 
 

1.5 Shipping/Test Skid 
 

The shipping/test skid contains equipment required for testing and preparing the insert.  The 
skid contains a test body, which is used to confirm actuator and clamp operation and pressure 
sealing capabilities of the insert.  The shipping/test skid also contains a water system for 
running tool soft-landing cylinder operation. 
 
A toolbox on the shipping/test skid contains equipment required for changing main and bean 
seals, and equipment required for testing the insert clamp mechanism and actuator override.  
Spare seals and the water hoses for the soft-landing cylinders are stored in the toolbox. 
 
Included with the shipping/test skid is a removable transport body.  This body is used to 
transport an insert to and from Master Flo Valve Inc. if maintenance other than main seal or 
bean seal replacement is required. 
 

 
 

Figure 1.5: Shipping/Test Skid 
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2.0 TECHNICAL SPECIFICATIONS 
 
2.1 Choke 
 

  
Design Pressure (psig):  15,000 
Test Pressure (psig): 22,500 
Seat Differential Pressure (psig): 15,000 
Cv Maximum: 92 
Bean Size (Maximum): 153 
Steps from Full Open to Full Close: 160 
Override Turns Open to Close 16 
Override Operation cw-close, ccw-open 
Override Torque (Maximum, ft-lb) 600 (standard assembly) 

 
 

2.2 Clamp Assembly 
 
2.2.1 Direct (Standard) Clamp Drive 

 
Table 1 - Direct Drive Clamp 

 
Max. Choke Rated Pressure 

(psig) 
API 17D  

Bucket Class 
Connect Torque  

(ft-lb) 
*Disconnect Torque  

(ft-lb) 
Test Pressure  

(psig) 
15,000 5 2500 - 3000 <3000 22,500 

 
* Disconnect torque will be less than the connect torque supplied. 
 
2.3 Running Tool 
 

Recommended Landing Speed 4 in/second 
Entry Angle 6° Offset from Vertical 
Rotational Alignment ±60° 
Positional Alignment 6.5” Radial Offset Capture Range 
Maximum Landing Speed: 24 in/second 
Weight (including insert, in air): 1837 lb 

 
2.4 Shipping Skid 
 

Weight (Including Insert & Running Tool): 4,650 lb 
Length (in) 96.5 
Height (in) 53 
Width (in) 63 

 
2.5 Environmental Data 
 

Design Water Depth 18,000 feet 
Operating Temperature (°F) -20 to + 350 
Sea Temperature (°F) +28 to +90 
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3.0 HANDLING, TRANSPORT AND STORAGE 
 

1. Protect hydraulic and electrical connectors from damage.  Hydraulic ports should be 
capped off to keep operating fluid clean. 

2. Protect insert-body metal seals (items 31 and 46) from damage. 
3. Choke should be in the fully closed position during handling and storage. 
4. Insert should always be in the transportation body with the clamp securely fastened 

during transport or storage. 
5. Protect inlet and outlet flange faces on body from damage. 

 
4.0 INSERT PREPARATION, INSTALLATION AND REMOVAL AND RUNNING TOOL 

STORAGE 
 

Refer to Technical Bulletin TB 120 for insert preparation, installation and removal and for 
running tool storage procedures. 
 
Liberally apply Jetlube AP-1 to all sealing surfaces when installing an insert. 

 
5.0 MONITORING 
 
5.1 Remote Monitoring 
 

The choke is equipped with a remote indicator in the form of an LVDT.  The LVDT is located 
inside the actuator and is preset for a linear range of 4.0 mA at the fully closed position to 20.0 
mA at fully opened position.  The LVDT connections are externally accessible through the 
electrical connector.  Recalibration of the LVDT should be performed by authorized personnel 
only.  Please contact Master Flo Valve Inc. 

 

 
Figure 5.1: Typical LVDT Connections 

 

1
2

4

3

CONNECTOR PIN #
1=SUPPLY +
2=SUPPLY -
3=NOT USED
4=NOT USED

24V DC
SUPPLY

RL

4-20 mA

+

Supply = 12-36 volts DC
Bandwidth = 200 Hz Flat
The maximum allowable load resistance is a function of
the supply voltage
RL = ((supply volts - 11)/0.02) ohms
Output change for supply change < 0.01 mA/Volt

NOTE: Electrical connector location and pin connector
details may differ from illustration.  Refer to
documentation package for details.
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5.2 Alternative Choke Monitoring 
 

Alternatively remote monitoring of the choke position can be accomplished by counting 
operational steps.  The reference point is the fully seated (closed) position.  This reference is 
established by operating the choke a minimum of the total number of steps to close plus 5 in the 
closing direction.  Thus regardless of initial position, valve will now be fully closed, and the 
zero reference point reestablished.  The choke and actuator are designed for continuous 
stepping against the seat.  Alternatively the full open position may be utilized for calibration 
but the valves’ total number of steps must be known to then obtain the zero reference.  EX: step 
open 165 times (min), input chokes’ actual number of steps as current position (155 to 165). 

 
5.3 Visual Indicator 
 

The choke is also equipped with an external visual indicator mounted on the actuator.  The 
visual indicator consists of an indicator plate with markings indicating percent stem travel.  A 
mechanical pointer indicates percent stem travel against the plate. 

 
6.0 MAINTENANCE 
 

All choke and actuator maintenance, with the exception of bean seal and HLX seal 
replacement, is to be performed at Master Flo Valve Inc.  The above two seals can be replaced 
using the tool kit contained on the shipping/test skid. 

 
6.1 Tool Kit 
 

The tool kit contains the items shown in drawing 01440-007.  These items are: 
 

Description Quantity 
Padlock: 5/16” 1 
Stem Adapter - Class 5 1 
Stem Adapter - Class 4 1 
Receptacle Adapter - Class 5 1 
Torque Wrench 1 
Torque Multiplier 1 
5/8” Combination Wrench 1 
1 1/16” Combination Wrench 1 
3/16” Allen Key Wrench 1 
Bean Seal Tool 1 
Container, Nickel 771 Anti-Seize 1 
Container, Jetlube AP-1 1 

 
6.2 Bean Seal 
 

6.2.1 Removal 
 

For removal of the bean seal (item 46), refer to applicable Assembly Drawing (section 
7.0) and Figure 6.1 below and proceed as follows: 
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Figure 6.1: Bean Seal Alignment 
 

1. Remove the two capscrews (item 44) on bean seal retainer (item 45) and slide bean seal 
retainer from choke cartridge.  The bean seal retainer is a two-piece, split ring assembly. 

 
2. Slide both segments of bean seal push ring (P/N: 80522) in slot on bottom of cartridge.  

Secure push ring with 5/8” – 11 x 1 ½” capscrews (P/N: 01031-031).  The bean seal push 
ring and capscrews are supplied in the toolbox on the shipping/test skid. 

 
Note: Do not tighten.  (See Figure 6.2.) 
 

 
 

Figure 6.2: Tool Installation 
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3. Slide both segments of assembly ring (P/N: 80523) into slot in bean seal (item 46).  

Secure assembly ring with 5/8” – 11 x 1 ½” capscrews (P/N: 01031-031). (See Figure 
6.2). 

 
4. Thread the 4 hex nuts (P/N: 01017-002) onto the 5/8” studs (c/w welded on nut – P/N 

80290).  Place the studs through the untapped holes on the assembly ring and thread the 
studs into the push ring.  Tighten the capscrews on the push ring.  (See Figure 6.2). 

 
5. Lubricate the area above the bean seal with Nickel 771 lubricant.  Evenly tighten the 4 

nuts to lift the bean seal.  (See Figure 6.3). 
 

 
 

Figure 6.3: Buffer Ring Installation 
 

6. Remove both segments of the bean seal retaining ring (item 47), which is a split ring 
assembly. (See Figure 6.3) 

 
7. Lift the buffer ring (item 49) and remove both segments of the buffer retaining ring (item 

50), which is a split ring assembly.  (See figure 6.3) 
 
8. Slide the buffer ring (item 49) from the insert and remove the Belleville washers (item 

48).  (See Figure 6.3) 
 
9. Back the 4 nuts on the studs down to the welded nuts.  Unthread the 4 studs from the push 

ring and thread them through the assembly ring against the push ring.  Tighten the 4 studs 
evenly so that the bean seal is pushed off the insert.  (See Figure 6.4)   
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Figure 6.4: Bean Seal Installation 
 

10. Note: Removal of the push ring is not necessary, as it will be required for re-assembly. 
 

6.2.2 Inspection 
 

1. Inspect bean seal for corrosion, pitting or scratches.  Replace if any of these defects are 
present. 

 
2. Inspect sealing surfaces on insert for corrosion, pitting or scratches. 
 
3. Inspect all elastomeric seals for extrusion, splitting or debris.  Replace if possible. 
 
4. Inspect all other components for damage.  Ensure all components are completely clean 

and free of debris. 
 

6.2.3 Assembly 
 

For installation of the bean seal, refer to applicable Assembly Drawing (section 7.0) and 
proceed as follows: 

 
1. Lubricate the area that the bean seal will slide on with Nickel 771 lubricant.  Install push 

ring (P/N: 80522) onto cartridge if required.  (See Figure 6.4). 
 
2. Install both segments of assembly ring (P/N 80523) into slot in bean seal (item 46).  

Secure with capscrews.  (See Figure 6.4). 
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3. Thread the 4 hex nuts (P/N 01017-002) onto the 5/8” studs (c/w welded on nut - P/N 

80290).  Place the studs through the untapped holes on the assembly ring and thread the 
studs into the push ring.  (See Figure 6.4).  

 
4. Evenly tighten the 4 hex nuts to slide the bean seal onto the insert.  Slide the bean seal far 

enough up so that the buffer guide ring can be installed. (See Figure 6.4). 
 
5. Slide Belleville washers (item 48) onto insert in alignment as shown in figure 6.3. 

 
6. Slide buffer ring (item 49) on to insert.  (See Figure 6.3). 

 
7. Install buffer guide ring retaining ring (item 50).  (See Figure 6.3). 
 
8. Slide buffer guide ring and Belleville washers down to retaining ring and install bean seal 

retaining ring (item 47).  (See Figure 6.3). 
 
9. Back the 4 nuts on the studs down to the welded nuts.  Unthread the 4 studs from the push 

ring and thread through the threaded holes on the assembly ring so that they are 
contacting the push ring.  Tighten the 4 studs evenly so that the bean seal is pushed down 
to the retaining ring. 

 
10. Unthread and remove the 4 studs.  Remove the assembly ring and push ring.  
 
11. Install bean seal retainer (item 45) and secure with capscrews (item 44).  Utilize loctite 

271 threadlocker on capscrew threads.  (See Figure 6.1). Torque to 4 ft-lbs. 
 
12. Lubricate the bean seal with Jetlube AP-1 lubricant or equivalent. 
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6.3 HLX Seal 
 

For removal and assembly of the HLX seal, please refer to Assembly Drawing (section 7.0) and 
Figure 6.5 below and proceed as follows: 

 

 
 

Figure 6.5: HLX Seal Replacement 
 

6.3.1 Removal 
 

1. Remove the four capscrews (item 18) retaining buffer ring (item 17) to insert.  While 
supporting HLX seal (item 31), remove buffer ring (item 17), which is a two-piece, split 
ring assembly.  Remove HLX seal (item 31).  (See Figure 6.5). 

 
6.3.2 Inspection 

 
1. Inspect HLX seal for corrosion, pitting or scratches.  Replace if any of these defects are 

present. 

2. Inspect sealing area on bonnet for corrosion, pitting or scratches. 

3. Inspect back pressure seals (item 32) for splitting, extrusion or debris. 

4. Ensure bonnet and seal are completely free of dust or debris. 



 

 MB-CSS-35IRRSS11  REV 0 04/09 
 

 
6.3.3 Assembly 

 
1. Lubricate seal pocket in bonnet and back pressure seals with Jetlube AP-1 lubricant or 

equivalent. 
 

2. Ensure back pressure seals (item 32) are installed into HLX seal (item 31). (See Figure 6-
5) 

 
3. Install HLX seal, being careful not to damage the outside diameter of the seal (See Figure 

6-5). 
 
4. Reinstall buffer ring (item 17), aligning holes in ring with corresponding holes in the 

canister. Secure with capscrews (item 18).  Utilize loctite 271 threadlocker on capscrew 
threads.  Torque capscrews to 4 ft-lbs.  (See Figure 6-5). 

 
6.4 Secondary Release Resetting 
 

Should the emergency release on the running tool be activated, it will have to be reset before 
the running tool can be used again. To reset the mechanism refer to Figure 7.2 and proceed as 
follows: 

 
1. Loosen the nuts (item 24) on the spring detents (item 23) and unthread the detents. 
 
2. Lower the release rod (items 9 & 19).  The latch mechanism balls (item 30) may be 

required to be positioned radially outward to facilitate lowering of the release rod. 
 
3. Loosen set screws on detents (item 23) to release detent spring force. 
 
4. Thread first detent into body (item 10) until detent is just contacting release rod. 
 
5. Tighten detent lock nut (item 24). 

 
6. Tighten the detent set screw until desired resistance is implemented.  Resistance can be 

checked by lifting release rod.  Release rod should not release when pulled manually, but 
should require minimal mechanical force to release.  Note:  The release rod must not be 
adjusted by more than 1/2” of travel or the detents will fully extend.  The procedure must 
then be restarted from step 1. 

 
7. Thread the other detents into the body and tighten detents to approximate compression of 

step 6. 
 
8. Install and tighten the other detent lock nuts. 
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7.0 PARTS LISTS 
 

7.1 Insert Retrievable Choke 
 

KEY DESCRIPTION 
1 BASE: GUIDE FUNNEL 
2 GUIDE FUNNEL 
3 BODY  
4 WEAR SLEEVE 
5 SEAL: SEAT - CARTRIDGE 
6 SEAT 
7 NOZZLE 
8 RETAINING SLEEVE 
9 CARTRIDGE ASSEMBLY 
10 FLOW COLLAR 
11 BALANCE SLEEVE SEAL RETAINER 
12 BEARING: BALANCE SLEEVE - FLOW COLLAR 
13 SEAL: FLOW COLLAR - BALANCE SLEEVE 
14 LOCKWASHER 
15 BALANCE SLEEVE 
16 SEAL: BALANCE SLEEVE - CARTRIDGE 
17 BUFFER RING 
18 CAPSCREW: 1/4" - 20 X 5/8" 
19 ALIGNMENT PIN - SMALL 
20 STEM 
21 KEY: 1/2" SQUARE X 1" 
22 GASKET: ACTUATOR - BONNET 
23 CAPSCREW: 1/2" - 20 X 1 1/2" 
24 STEM NUT 
25 KEY: 1/2" - 3/8 X 1 1/2" 
26 THRUST WASHER 
27 THRUST BEARING 
28 CHECK VALVE 
29 SEAL: STEM - BONNET 
30 CLAMP ASSEMBLY 
31 MAIN SEAL 
32 SEAL: BACK PRESSURE 
33 STEM SEAL SPACER 
34 ALIGNMENT PIN - LARGE 
35 SEAL RETAINER 
36 SEAL: METAL SEAL - STEM 
37 SEAL: METAL SEAL - BONNET 
38 METAL SEAL: STEM - BONNET 
39 SEAL RETAINER 
40 RETAINING RING 
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7.1 Insert Retrievable Choke (con’t) 

 
KEY DESCRIPTION 

41 PIN: RETAINING SLEEVE 
42 SEAL: NOZZLE - SEAT 
43 BU - RING: NOZZLE - SEAT 
44 CAPSCREW: 1/4" - 20 X 1" 
45 RETAINER: BEAN SEAL 
46 BEAN SEAL 
47 RETAINING RING: BEAN SEAL 
48 WASHER: BELLEVILLE 
49 BUFFER GUIDE RING 
50 RETAINING RING: BUFFER 
51 WASHER 
52 CAPSCREW: 1" - 8 X 2" 
53 CAPSCREW: 3/8” – 16 X 3/8” 

 
 

NOTE: FOR REFERENCE ONLY.  REFER TO DOCUMENTATION PACKAGE FOR 
PARTS LIST.
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Figure 7.1: Insert Retrievable Choke 
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7.0 PARTS LISTS (con’t) 
 

7.2 Running Tool 
 

KEY DESCRIPTION 
1 GUIDE CAGE
2 NUT: 1/4” - 20
3 CAPSCREW: 1/4" - 20 X 1"
4 GUIDE BLOCK
5 CAPSCREW: 1/2" - 13 X 1.25"
6 GUIDE BLOCK
7 GUIDE RING
8 CAPSCREW: 1/4" - 20 X 1/2"
9 INSERT
10 BODY
11 CAPSCREW: 1/2" - 13 X 1 3/4"
12 WASHER
13 TOP PLATE ASSY
14 SPRING
15 PLUNGER
16 HANDLE ASSEMBLY
17 CAPSCREW: 3/8" - 16 X 3/4"
18 STOP WASHER
19 SECONDARY RELEASE LIFTING POST
20 SHACKLE
21 PLATE - LATCH LOCK
22 ROD - LATCH LOCK
23 SPRING PLUNGER
24 NUT: 1/2" - 13
25 CAPSCREW: 3/4" - 10 X 1 3/4"
26 CAPSCREW: 5/16" - 18 X 3/4"
27 BUCKET GUIDE BLOCK
28 1/4" AIR QUICK CONNECT
29 CYLINDER - SOFT LANDING
30 BALL
31 LOCK NUT: NYLOCK
32 RETAINING PLATE - SOFT LANDING
33 SEAL: PISTON - HOUSING
34 SPRING
35 WEAR RING: PISTON - HOUSING
36 SEAL ASSY - SOFT LANDING
37 PISTON - SOFT LANDING
38 COVER PLATE - SOFT LANDING
39 SHAFT - SOFT LANDING
40 SPHERICAL WASHER
41 NUT: 3/4" - 10

 
 

NOTE: FOR REFERENCE ONLY.  REFER TO DOCUMENTATION PACKAGE FOR 
PARTS LIST.
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Figure 7.2: Running Tool 
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1.0 DESCRIPTION OF OPERATION 
 

The Master Flo Subsea SL Actuator utilizes pulsating hydraulic fluid pressure to 
produce rotational movement.  The precise, durable stepping system is accomplished 
by a ratchet pawl driving a ratchet wheel to directly operate the choke stem nut 
adapter. (See figure 1.1)  The ratchet pawl is held in place by a collar around the 
ratchet wheel.  The pawl is spring loaded to engage the ratchet wheel by dual torsion 
springs and is mechanically disengaged at the rest position to allow for reverse 
direction operation or manual operation.  The actuator utilizes hydraulic spring return 
cylinders, operating the ratchet collar through a connecting rod.  The actuator 
operates the valve through a precise 36 degree rotation per operating step.  For the 
SL gearbox, the valve is operated directly with the manual override. 
 

 
 

Figure 1.1: Stepping System 
 

2.0 TECHNICAL SPECIFICATIONS 
 
2.1 Hydraulic Cylinders (not applicable for SL gearbox) 
 

Standard Hydraulic supply pressure*: 
- Design Pressure  3300 psig 
- Working Pressure 3000 psig 
- Test Pressure  4950 psig 
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*Optional working pressure of 4000 psig or 5000 psig is available.  Master Flo 
engineering must be consulted if this is desired, as testing, material and/or 
dimensional requirements will change.  A system cannot be operated above the 
working pressure or damage to actuator and choke components may occur. 
 
Hydraulic fluid consumption per operating step = 1.28 in³ (single-acting 3000 psig) 
       = 1.37 in³ (double-acting 3000 psig) 
 
Hydraulic Operating Fluid Options: 
- Marsten Bentley HW 540 
- Marsten Bentley HW 525 
- Marsten Bentley HW 443 
- Brayco Micronic 864  HT/200 
- Castrol Transaqua Ht 

 
Operating Cylinder Construction: Stainless Steel 

 
Stepping Cycle Time: 
- Energize time - 0.185 seconds (Typical highest speed)/step 
- De-Energize time - 0.065 seconds (Typical highest speed)/step 
- Total time - 0.25 seconds (Typical highest speed)/complete step 

 
Note: Actual time will vary with control system, restrictions and operational loads. 

 
2.1.1 Single Acting Hydraulic Cylinders 

 
Single acting hydraulic cylinders utilize pulsating hydraulic pressure to step the 
actuator.  Applied pressure extends the cylinder and springs inside the actuator 
retract the cylinder when hydraulic pressure is reduced.  The cylinder requires 100 
psig (7 bar) effective hydraulic pressure to overcome initial spring forces and begin to 
stroke. 

 

RETURN SPRINGS

HYDRAULIC PRESSURE
CHAMBER

CYLINDER BODY

 
 

Figure 2.1: Single Acting Hydraulic Cylinder 
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2.1.2 Double Acting Hydraulic Cylinders 
 

Double acting hydraulic cylinders utilize pulsating hydraulic pressure to step the 
actuator.  Applied operating pressure extends the cylinder, and springs assisted by 
back pressure retract the cylinder when operating pressure is reduced.  The cylinder 
requires 100 psig (7 bar) effective hydraulic pressure to overcome initial spring forces 
and begin to stroke. 

 

RETURN
SPRINGS

CYLINDER BODY

BACK PRESSURE
CHAMBER

HYDRAULIC PRESSURE CHAMBER  
 

Figure 2.2: Double Acting Hydraulic Cylinder 
 

2.1.3 Hydraulic Connections 
 
- Standard connections are 3/8" stainless steel Swagelok tube connections and 

stainless steel tubing.  Optional connections are available. 
 

-  Standard connection details are illustrated in Figure 2.3. 
 

SIDE DRIVE 

TOP DRIVE  

CLOSED OPERATING
PORT

CLOSED FLUSH
PORT

OPEN OPERATING PORT

OPEN FLUSH PORT

CLOSED OPERATING
PORT

CLOSED FLUSH PORT

OPEN OPERATING
PORT

OPEN FLUSH PORT
 

 
Figure 2.3a: Hydraulic Connections: Single Acting 
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→ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2.3c: Hydraulic 

Connection Schematic: Double Acting 
 
 
 
 
 
 

Figure 2.3b: Hydraulic Connections: Double Acting SL 
 
 
 

# Description 
1 Open Port 
2 Close Port 
3 Flush Port 
4 Check Valve 

 
 
 
 
 
 
 
 
 
 

CLOSED FLUSH PORT

OPEN CYLINDER
OPERATING
PORT

CLOSED CYLINDER
OPERATING
PORT

OPEN FLUSH PORT

CLOSED CYLINDER

OPEN CYLINDER

NOTE: SCHEMATIC ONLY.
ACTUAL CONFIGURATION WILL VARY.
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2.1.4 Flushing Actuator Hydraulic Systems 
 
The actuator contains two independent hydraulic systems for single and double acting 
cylinders.  These two systems are: 
- Opening Hydraulics 
- Closing Hydraulics 

 
Each hydraulic system has two external connections shown in figure 2.3.  Only one 
connector is required for operation of each system while the second connector is 
plugged off.  Both connectors are required while flushing each hydraulic system. 
 
For a double acting cylinder, the operating chamber flush port is connected to the back 
pressure supply port on the opposite cylinder. The operating chamber of a cylinder can 
then be simultaneously flushed as one unit with the back pressure chamber of the 
opposite cylinder. This results in only two systems which must be flushed for both 
single and double acting cylinder actuators. 
→ 
The actuators have been factory flushed to SAE AS4059 REV-D Class 6 B-F minimum 
and operating fluid must conform to the same class as the actuator is flushed to. 
 
Note: For any actuator that is attached to an HRV insert retrievable valve the 
check valve cores on the flush ports must be removed before flushing and then 
reinstalled after flushing.  

 

CLOSED FLUSH PORT

OPEN CYLINDER
OPERATING
PORT

CLOSED CYLINDER
OPERATING
PORT

OPEN FLUSH PORT

CLOSED CYLINDER

OPEN CYLINDER

NOTE: SCHEMATIC ONLY.
ACTUAL CONFIGURATION WILL VARY.
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Check valve cores can be installed and removed using the suplied tool that is 
depicted below (For further information on running procedures please see 
Master Flo TB-120) 

 

 
 

Check Valve Core Installation and Removal Tool (P/N 01544) 
 
 
 

2.2 Actuator Housing 
 

The actuator housing is pressure and volume compensated utilizing an internal 
accumulator bladder (29 cu. in. volume) 

 
Actuator Lubricant: 
 
Lubricating fluid utilized within the actuator housing is Mobilgear 626 or Mobilube SHC 
626 Lubricating Oil. 

 
Note: The actuator housing is completely filled with fluid and at no time should 
the actuator housing be opened or covering plates loosened. 

 
Actuator Housing Pressure, Double Acting Cylinders: 
- 33 - 37 psig differential test pressure 
- 50 psig relief included (above external pressure) 

 
Actuator Housing Pressure, Single Acting Cylinders: 
- 100 psig differential test pressure 
- 240 psig relief included (above external pressure) 

 
 
 
 
 
 
 
2.3 Local Indicator 
 

- located on the same plane as the manual override 
- linear percent stem travel indication through variable rotary output indicator 

dependent on choke size and stem travel 
- indicated by an indicator plate with percent travel markings and a mechanical 

pointer against the plate 
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2.4 Remote Indicator 
 

If the actuator is fitted with an optional remote indicator, remote indication is 
accomplished with the use of an LVDT (Linear Variable Differential Transformer). 
 
The LVDT is located in the actuator internals and is preset for a linear range of 4.0 mA 
at the fully closed position to 20.0 mA at the fully opened position.  The LVDT 
measures stem travel directly.  LVDT connections are accessible at the actuator 
housing through a connector.  If the LVDT requires re-calibration this requires the 
actuator to be opened which should only be performed by authorized personnel.  Refer 
to figure 2.4.1 for LVDT Connections. 

 

1
2

4
3

CONNECTOR PIN #
1=SUPPLY +
2=SUPPLY -
3=NOT USED
4=NOT USED

24V DC
SUPPLY

RL

4-20 mA

+

Supply = 12-36 volts DC
Bandwidth = 200 Hz Flat
The maximum allowable load resistance is a function of
the supply voltage
RL = ((supply volts - 11)/0.02)ohms
Output change for supply change < 0.01 mA/Volt

NOTE: Electrical connector location and pin connector
details may differ from illustration.  Refer to
documentation package for details.

 
 

Figure 2.4.1: Typical LVDT Connections 
 

2.4.1 Remote Indicator: Optional CANBUS Feedback 
 

A CANBUS protocol feedback system is also available.  This system utilizes the same 
LVDT as described above.  The CANBUS feedback unit converts the LVDT 4 to 20 mA 
signal into CANBUS protocol output.  Connections are again available at the actuator 
housing through a connector.  Refer to Figure 2.4.2 for connections for the CANBUS 
unit. 

 

LVDT

2

POD
7

46
5

3

8
1

Penetrator 
Connections

Pin 1: +12V (RED)        -
Pin 2: 0V (BLACK)        -
Pin 3: CANL (WHITE)   -
Pin 4: CANH (BLUE)     -
Pin 5: Spare
Pin 6: Spare
Pin 7: 4-20mA              -
Pin 8: +12V                  -

SUPPLY = 12 VDC

 
 

Figure 2.4.2: CANBUS LVDT Connections 
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2.5 Manual Override 

 
The actuator is equipped with a manual override in the form of a shaft with a 1 inch 
hex which allows for override operation.  Optional adapters include API 17D drive 
bucket suited for 300 ft–lb input torque tool and API 17D Class 3 drive interface.  The 
override can be side mounted or be top mounted.  The override can be oriented in 90° 
increments around the actuator and the actuator can be mounted in 45° increments 
around the choke. 
 

MANUAL
OVERRIDE

INDICATOR

MANUAL OVERRIDE

INDICATOR

LEFT HAND
MANUAL OVERRIDE

TOP MOUNTED
MANUAL OVERRIDE

 
 

Figure 2.5: Override Alignment 
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Drive input torque:                                                 
- 300 ft-lb nominal 
- For maximum values see table 
- ccw rotation to open 
- cw rotation to close 
 
 

VALVE SIZE BOLTED BONNET DIVER CLAMP HRV
P2 500 ft-lb 500 ft-lb -

P25 - - 600 ft-lb
P3 600 ft-lb 600 ft-lb -

P35 - - 600 ft-lb
P4 600 ft-lb 600 ft-lb 600 ft-lb
P5 600 ft-lb 600 ft-lb 600 ft-lb

MAXIMUM DRIVE INPUT

 
 
 
 
Seat Breakout Torque 
- Seat breakout torque is dependent on the closing torque used to seat the valve.  

The required seat breakaway torque will be less than the closing torque utilized in 
seating the valve. 

 
2.6 Actuator Operational Data 
 

- 36 degree operation per step 
- actuator torque output versus override input indicated in figure 2.6 
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SL Actuator Torque Output - Manual Override
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Figure 2.6 
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2.7 Choke Monitoring 
 

The choke position can be monitored through the actuator by utilizing either the local 
indicator, the remote indicator if equipped, or an alternative remote monitoring system 
of the choke position can be accomplished by counting the actuators’ operational 
steps.  (This method cannot be used for the SL gearbox.)  For this method the 
reference point is the fully seated (closed) position.  This reference is established by 
operating the choke a minimum of the total number of steps for complete travel of the 
choke in the closing direction.  Thus regardless of the initial position the valve will now 
be fully closed and the zero reference point reestablished.  The choke and actuator 
package are designed for continuous stepping against the seat.  Alternatively the full 
open position may be utilized for calibration but the valves’ specific total number of 
steps must be known to then obtain the full open reference.  IE.  To use full closed as 
the zero reference, step the valve closed the valve sizes nominal number of steps plus 
5 steps to ensure full closed position.  Input number of steps at this point to be zero.  
Count operational steps open from this point.  Alternatively, to use full open as the 
reference, step the valve open the valve sizes nominal number of steps plus 5 steps to 
ensure full open position.  Input valves specific number of steps from closed position 
as current position. 

 
2.8 Choke Operation 
 

The choke can be operated by two independent systems  
 
1. The actuator hydraulic system (not applicable for SL gearbox) 
 
- Application of sufficient hydraulic pressure to either one of the open or close 

hydraulic ports will rotate the stem nut 1/10th of a turn in it's respective direction.  
Only one port should be pressurized at a time.  Pulsing of the pressure will 
continue to step the actuator. 

 
2. The manual override 

 
- Application of sufficient torque onto the override will directly turn the stem nut 

through a 1:1 ratio. 
 

Operation of both systems in the same direction is possible, however operation of 
the override in the opposite direction of the hydraulic system is not possible.  
Operation of both systems in the same direction may be required if one system is 
unable to rotate the stem nut alone. 
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3.0 HANDLING AND STORAGE 
 

Note: The actuator housing is completely filled with fluid and at no time should 
the actuator housing be opened. 

 
3.1 Handling And Transport 
 

- Protect hydraulic* and electrical connectors from damage. 
- Choke should be in the full closed position during handling. 

 
3.2 Storage 
 

- Choke should be stored in the fully closed position. 
- Hydraulic* and electrical ports should be fully protected from damage. 
- Hydraulic supply ports should be capped off in order to keep operating fluid 

clean*. 
 
3.3 Inspection/Testing After Storage 
 

- Visually inspect for damage. 
- Operate valve fully open and fully closed through the manual override several 

times to ensure correct operation.  Operation should be smooth throughout, not 
jerky or stiff. 

- Inspect for oil leaks from actuator housing. 
- Pressure test hydraulic system to working pressure*. 
- Operate actuator hydraulics and ensure actuator correct operation*. 
- Flush hydraulic systems to ensure cleanliness level*. 
 

*Not applicable for SL gearbox 
 
4.0 CALIBRATION PROCEDURE 
 
4.1 Visual Indicator 
 

- Close the choke fully 
- Loosen clamp bolt on visual indicator pointer 
- Position pointer to read fully closed 
- Tighten clamp bolt, torque to 9 ft-lb 

 
4.2 LVDT 
 

- If the LVDT requires re-calibration this requires the actuator to be opened which 
should only be performed by authorized service personnel.  Contact Master Flo 
Valve for service. 
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5.0 PART LIST & ASSEMBLY DRAWING 

 
5.1 Top Mounted Manual Override, Setup For LVDT Feedback 

 
ITEM DESCRIPTION 

*1 BALL: 1/2” 
*2 SPRING BUTTON - OUTER 
*3 SPRING - INNER 
*4 SPRING - OUTER 
*5 SPRING BUTTON - INNER 
6 BLADDER NUT 
*7 CONNECTING ROD 
*8 ACTUATOR PIN 
9 HOUSING ASSEMBLY 

*10 CYLINDER (SEE SECTION 5.3 OR 5.4) 
*19 SPRING PIN: 1/8” X 1” 
*20 TORSION SPRING 
*21 SPRING PIN: 3/16” X 1” 
*22 ACTUATOR PAWL 
*23 HEX NUT: 3/8” - 16 
*24 ADJUSTMENT SCREW 
*25 PAWL BRACKET 
26 BLADDER 
27 BLADDER PROTECTOR 
*28 DRIVE RING 
29 DRIVE SHAFT 
30 LVDT 
31 SEAL: HOUSING COVER - HOUSING 
32 HOUSING COVER 
33 GEARBOX 
34 LVDT MOUNT PLATE 
35 CAPSCREW: 5/16” X 1/2” 
36 CAPSCREW: GEARBOX MOUNT #8 - 32 X 1/2” 
37 CAPSCREW: 1/4” - 20 X 1 1/4” 
38 LVDT CLAMP 
39 CAPSCREW: 1/4” - 20 X 3/4” 
40 CAPSCREW: 1/2” - 13 X 1” 
41 CALIBRATION PLATE 
42 CAPSCREW: 1/4” - 20 X 1/2” 
43 SEAL: DRIVE STEM 
44 COVER PLATE 
45 BEARING: DRIVE STEM 
46 GASKET: COVER PLATE 

 
*Not applicable for SL gearbox 
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5.0 PART LIST & ASSEMBLY DRAWING 
 
5.1 Top Mounted Manual Override, Setup For LVDT Feedback (Con’t) 

 
ITEM DESCRIPTION 

47 LOCKNUT 
48 BEARING CONE 
49 BEARING CUP 
50 DRIVE STEM 
51 CAPSCREW: 3/8” - 16 X 1 3/4” 
52 OIL PLUG 
53 SPRING PIN: 3/32” X 1/2” 
54 BUSHING: INDICATOR SHAFT 
55 SEAL: INDICATOR SHAFT 
56 INDICATOR FLANGE 
57 INDICATOR FLANGE GASKET 
58 CAPSCREW: 1/4” - 20 X 5/8”  
59 INDICATOR POINTER 
60 INDICATOR SHAFT 
 CHECK VALVE 

A5 ROV: RECEPTACLE 
A4 ROV: ADAPTER 
A3 SPRING 
A1 BUSHING 
A2 CAPSCREW: 3/8” - 16 X 1 3/4” 

 
NOTE: FOR REFERENCE ONLY.  SEE DOCUMENT PACKAGE FOR PARTS LIST. 
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Figure 5.1: Assembly Drawing 
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5.0 PART LIST & ASSEMBLY DRAWING 
 
5.2 Right/Left Hand Manual Override, Setup For LVDT Feedback 
 

ITEM DESCRIPTION 
*01 BALL: 1/2” 
*02 SPRING BUTTON - OUTER 
*03 SPRING: INNER 
*04 SPRING: OUTER 
05 SEAL: BLADDER NUT 
06 BLADDER NUT 
07 BLADDER 
08 BLADDER PROTECTOR 
*09 SPRING BUTTON – INNER 
*10 CONNECTING ROD 
*11 ACTUATOR PIN 
12 HOUSING ASSEMBLY 
*13 CYLINDER (SEE SECTION 5.3 OR 5.4) 
*24 SPRING PIN: 1/8” X 1” 
*25 TORSION SPRING 
*26 SPRING PIN: 3/16” X 1” 
*27 ACTUATOR PAWL 
*28 HEX NUT: 3/8” - 16 
*29 ADJUSTMENT SCREW 
*30 PAWL BRACKET 
31 OIL PLUG 
*32 DRIVE RING 
33 DRIVE SHAFT 
34 LVDT 
35 SHIM 
36 MITER GEAR 
37 SEAL: HOUSING COVER – HOUSING 
38 INDICATOR DRIVE GEAR 
39 HOUSING COVER 
40 CAPSCREW: 1/4” – 20 X 1 1/4” 
41 MOUNT PLATE 
42 LVDT CLAMP 
43 LVDT AMP CLAMP 
44 GASKET: COVER PLATE 
45 CAPSCREW: 1/2” – 13 X 1” 
46 COVER PLATE 
47 KEY: 3/8” SQUARE X 3/4” 
48 MITER GEAR 
49 BEARING CONE 

 
*Not applicable for SL gearbox 
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5.0 PART LIST & ASSEMBLY DRAWING 
 
5.2 Right/Left Hand Manual Override, Setup For LVDT Feedback (Con’t) 
 

ITEM DESCRIPTION 
50 BEARING CUP 
51 DRIVE STEM 
52 WASHER 
53 GASKET: DRIVE STEM COVER 
54 LOCKNUT 
55 DRIVE STEM COVER 
56 CAPSCREW: 3/8” - 16 X 1 1/4” 
57 SEAL: DRIVE STEM - COVER 
58 CAPSCREW: 5/16” - 18 X 5/8” 
59 CAPSCREW: 1/4” – 20 X 1 3/4” 
60 CAPSCREW: 1/4” – 20 X 3/4” 
61 CAPSCREW: 1/4” – 20 X 1/2” 
62 CAPSCREW: #8 – 32 X 3/8” 
63 L-BRACKET 
64 INDICATOR GEARBOX ASSY 
65 CHECK VALVE 
66 CALIBRATION PLATE 
67 INDICATOR FLANGE 
68 CAPSCREW: 1/4” - 20 X 1/2” 
69 CAPSCREW: 1/4” - 20 X 1 1/4” 
70 CAPSCREW: 1/4” - 20 X 5/8” 
71 POINTER 
72 INDICATOR SHAFT 
73 SEAL: INDICATOR SHAFT 
74 BUSHING 
75 SEAL: INDICATOR  LANGE 
76 SPRING P/N: 3/32” X 1/2” 

 
NOTE: FOR REFERENCE ONLY.  SEE DOCUMENT PACKAGE FOR PARTS LIST. 
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Figure 5.2: Assembly Drawing 
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5.0 PART LIST & ASSEMBLY DRAWING 
 
5.3 Single Acting Hydraulic Cylinder (not applicable for SL gearbox) 
 

ITEM DESCRIPTION 
01 ACTUATOR STEM 
02 GASKET: CYLINDER - HOUSING 
03 BEARING HOUSING ASSY 
04 BU RING: CYLINDER - BEARING HOUSING 
05 SEAL: CYLINDER - BEARING HOUSING 
06 SWAGELOK CONNECTOR 
07 SEAL: PISTON - BEARING HOUSING 
08 CAPSCREW: 3/8” - 16 X 1 3/4” 
09 CYLINDER 
10 PISTON 
11 WEAR RING 
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Figure 5.3: Assembly Drawing
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5.0 PART LIST & ASSEMBLY DRAWING 
 
5.4 Double Acting Hydraulic Cylinder (not applicable for SL gearbox) 
 

ITEM DESCRIPTION 
01 ACTUATOR STEM 
02 BEARING HOUSING ASSY 
03 BU RING: CYLINDER - BEARING HOUSING 
04 SWAGELOK CONNECTOR 
05 SEAL: CYLINDER - BEARING HOUSING 
06 CAPSCREW: 3/8” - 16 X 1 3/4” 
07 WEAR RING 
08 SEAL: PISTON - CYLINDER 
09 SEAL: PISTON - BEARING HOUSING 
10 CYLINDER 
11 GASKET: CYLINDER - HOUSING 
12 PISTON 
13 CAPSCREW 
14 CYLINDER CAP 
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Figure 5.4: Assembly Drawing 
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