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1.00 General Description 

 

The MSI TI-600 is a 600 horsepower triplex pump.  This pump is suited for oil field service 

applications. 

 

The TI-600 is composed of three main components: Power Frame, Fluid End, and a Gear Reducer (see 

1.20).  The pump is designed for sixteen left and right-hand configurations (see 1.50 & 7.30) of the 

Gear Reducer without removing the crankshaft.  The pump is also available with a Long Drive Gear 

Reducer (see 1.50.2 & 7.30.1,2) that allows the driveshaft to cross over or under the pumps’ power 

frame. 

 

The Power Frame is composed of the crankshaft, the crossheads, the crosshead guides, connecting 

rods, and diaphragm seal housing in a high-strength steel frame.  The Power Frame should be mounted 

to a skid or other rigid platform before operating (see 1.30). 

 

The Fluid End is composed of the valves, springs, intake manifold, discharge flanges and various 

access covers.  The Fluid End is machined from a one-piece, high-strength steel forging.  The two 

Fluid Ends will accept plunger sizes from 2.75 to 3.00 inches and 3.50 to 4.50 inches in diameter.  A 

different packing assembly is required when switching between plunger sizes.   The Fluid End is 

bolted to the Power Frame with 8 bolts.  All bolts come with a preload indicator built into the face of 

the bolt to indicate when proper tension is achieved.  Note:  In order to achieve the necessary preload 

without damaging the bolt, use DOW CORNING G-n Metal Assembly Paste as a thread lubricant. 

 

The Gear Reducer houses a helical AGMA #10 precision ground pinion and gear.  The Gear Reducer’s 

reduction ratio is 4.61:1. 

 

 

1.10 Recommended Shipping and Storage 

 

Every MSI pump is fully factory acceptance tested (FAT) in the MSI test stand before it is cleaned, 

painted, and preserved for shipping.  This FAT procedure runs the pump through a full range of speeds 

and pressures.  During the FAT, water is used as the pumping medium.  Once the test is completed, the 

water residue in the fluid end is removed, and all fluid end internal parts are generously misted with 

water displacing protective lubricant.  Following the FAT, the insides of the gear reducer and power 

end are fully coated with high grade lubrication oil.  After final painting, the pump is shrink-wrapped 

to prevent excessive exposure to humidity and rain.  Desiccant packets are placed within the shrink 

wrap to absorb internal moisture.  If the pump is to be shipped overseas, it is also placed within a 

completely enclosed wooden crate which has been properly prepared for overseas shipments. 

 

If your new MSI Well Service Pump, as packaged from MSI, will be in storage for longer than one 

month, then the following preservation measures should be taken: 

 

Inspect the unit. 

 

Look for any condensation or accumulation of water inside the shrink wrapping which could indicate a 

broken seal or depleted desiccant.  Remove and dry out any water found inside the packaging and 

replace the desiccant if necessary.  Reseal the moisture barrier using sheet plastic and duct tape.  

Keeping the unit out of moisture or away from salt spray is helpful. 

 

 



If your pump has been in service: 

For the Fluid End: 

 

If the unit has been in service and will be stored for more than a of couple weeks, remove the valve 

covers from the fluid end and blow all moisture out.  Wear proper protective gear while blowing out 

moisture to prevent contact with the well service fluid.  Generously mist the inside of the fluid end 

with a suitable lubricant to displace trapped water and create a protective film on the metallic 

components.  Replace the valve covers.  Seal off all inlet and outlets with plastic sheet and duct tape or 

with mechanical blind seals. CAUTION:  Well service fluid will be trapped between the inlet and 

outlet valves and will spill out when removing the suction valve covers.  Preparation for spillage is 

important for safety and environmental reasons. A catch pan and appropriate absorbent materials will 

be needed. 

 

For the Power End: 

 

If the pump has been in service, moisture from humidity can enter through the oil cap/breather and 

will accumulate in the inside bottom of the power end.  If this occurs, remove the back access panel 

(See Section 11.4) and wipe out the accumulated moisture with a suitable absorbent.  Do not use 

granulated absorbents inside the pump.  Replace the back cover after moisture has been removed.  To 

further protect the pump from humidity while in storage, especially when stored near large bodies of 

water or in areas of high humidity, use duct tape to seal off the oil cap/breather.  Sealing in this 

manner will be more effective if the air inside the pump is warmer than outside air prior to sealing the 

oil cap/breather.  If the cap on the lubricating oil reservoir is a breather style cap, it should also be 

sealed at this time.  

 

Outdoor Storage: 

 

If the used pump is to be stored outdoors, it should be placed in a covered location that will protect the 

pump from direct exposure to moisture and sunlight.  If a covering is not available, the pump should 

be covered and tied with a heavy duty tarp. 

 

Preservation Between Jobs: 

 

The internal fluid end components can oxidize and corrode after exposure to well service fluid, 

especially if the well service fluid contained water, brine, or acids.  If possible, remove the valve 

covers and use compressed air to blow out moisture from the fluid end (see CAUTION statement 

above).  After removing the valve covers, generously mist the inside with a suitable lubricating oil to 

displace moisture and create a protective film on the metallic components.  Wear proper protection 

when working with compressed air on the inside of the fluid end.  Covering all exposed discharge or 

suction openings will help in further preventing ingress of moisture to the pump. 



1.20 Complete Pump Assembly 



1.20.1 Complete Pump Assembly (Xtreme Service) 



1.30 Pump Assembly Overall Dimensions (All Plunger Sizes) 

 



1.30.1           Pump Assembly Overall Dimensions (Severe Service, 2.75”-3.00” Plungers) 

 

 



1.30.2 Pump Assembly Overall Dimensions (Xtreme Service, 3.50”-4.50” Plungers) 

 

 
 



1.40 Dual Pump Assembly Overall Dimensions 

 



1.50 Gear Box Position-Right Hand 

 

 

 



1.50.1 Gear Box Position-Left Hand 

 

 

 



1.50.2 Long Drive Gear Box Position-Right Hand  

 

 

 
 



1.50.3 Long Drive Gear Box Position-Left Hand  

 

 



1.60 Pump Performance Data 



2.00     Operation and Maintenance 

 

When determining the design of the pump installation, clearance is recommended for inlet and outlet 

connections as well as providing for a pressure relief device for the discharge line.  A pressure relief device 

is required for all applications of this pump.  Failure to implement a pressure relieving device may 

result in significant damage to the pump and attached piping, serious injury or death of personnel, and 

will void the pump warranty.  Please read the following concerning pressure relief devices and the 

allowable mounting locations. 

 

Spring loaded ball and seat relief valves: 

 

Pressure relief devices of this type rely on a ball and seat interface to create a seal.  Force is exerted on the 

ball, typically with springs, to balance a pre-determined line pressure.  This type of pressure relief device is 

not designed for full opening once relief pressure has been achieved, in other words, a ball and seat relief 

valve is not a full-bore volume relief device and sufficient fluid volume will cause line pressure to 

continue to rise due to the small flow area available.  As the line pressure exceeds the set pressure of the 

relief valve, the ball temporarily separates from the seat thus allowing excess pressure to flow through.  Once 

line pressure has dropped below the set pressure of the relief valve, the ball will re-seat.  Due to the small 

volume relief capacity of these types of pressure relief devices it is acceptable to install them on a fluid end 

gauge connection(s).  While not intended as a full-bore volume relief device connection point, the gauge 

connection will provide a sufficient conduit for a ball and seat type relief valve.  Valves or other closure 

devices shall not be installed between the pop-off valve and the fluid end.  Always follow the 

manufacturer’s recommendations for the installation, use, and maintenance of the relief valve. 

 

Full bore (pop-off) relief valves: 

 

Full-bore relief valves are designed to allow full bore dissipation of pressure by relieving large volumes of 

fluid.  As such, these relief devices must not be installed on the fluid end gauge connection(s).  The pop-

off valve should be installed as close to the fluid end as possible and in the discharge piping circuit at either 

the blind side of the fluid end (for single side discharge) or connected to a TEE fitting on the discharge side of 

the fluid end.  Valves or other closure devices shall not be installed between the pop-off valve and the 

fluid end.  Always follow the manufacturer’s recommendations for the installation, use, and maintenance of 

the pop-off valve. 

 

Below are the maximum relief set pressures based on plunger diameter. 

 

Plunger Diameter Relief Device Maximum Set Pressure 

2.75” 15,000 psig 

3.00” 15,000 psig 

3.25” 11,020 psig 

3.50” 11,020 psig 

4.00” 8,438 psig 

4.50” 6,667 psig 

 

 

 

 

 

 



 

2.10 Initial Inspection 

 

a) Check to see that all moving parts are clean and free of any shipping debris 

b) Check to see that pump is securely bolted to mounting platform 

c) Check to see that driveline is securely fastened to the pump’s Gear Reducer input shaft with 

adequate slip (1 inch minimum) in the slip joint 

d) Check the Fluid End bolts.  Each has a mechanical indicator in the face and should be between 

90 and 95 on the dial.  Tighten as necessary, but do not surpass 95 on the dial.  If the indicator 

is not working return it to MSI for immediate replacement.   Note:  In order to achieve the 

necessary preload without damaging the bolt, use DOW CORNING G-n Metal Assembly Paste 

as a thread lubricant. 

e) Make sure the Power Frame has correct oil in its reservoir (90 EP see section 4) 

f) Make sure the plunger lube system has proper type of Packing oil or grease 

g) Check to see that supercharge piping system is clean and all connections are tight 

h) Check to see that adequate water is available to suction manifold for testing 

i) Check to see that discharge piping connections are tight and all valves are open 

j) Start the supercharge pump and flush the air from the system 

 

 

2.20 Seating the Valves 

 

Valves have been seated at MSI prior to shipping pump.  However, when worn seats are replaced this 

procedure should be followed: 

  

a) The tapered valve seats must be fully seated to prevent “washing” between the seats and the 

Fluid End. 

 

b) Adjust the test choke for high pressure/low pump RPM.   Shift the transmission to first gear 

and slowly increase the throttle setting to achieve 85% of the pump’s maximum rated rod load 

for two to three minutes or until a series of audible popping noises are heard. This indicates the 

seats have properly set in the taper.  The desired pressure for each plunger size is as follows: 

 

Plunger Diameter 85% Rated Pressure 

2 ¾” 14,320 PSI 

3” 12,030 PSI 

3 ” 8,840 PSI 

3 ½” 8,840 PSI 

4” 6,765 PSI 

4 ½” 5,345 PSI 

 

 

 

c) During this portion of the startup procedure, closely observe the plunger pump for any unusual 

noise, vibration, fluid leaks and oil leaks.  Record all pertinent information such as elapsed 

time, ambient temperature, Power Frame lube oil temperature, and Power Frame lube oil 

pressure, supercharge pressure, etc.  After returning the engine to idle and transmission to 

neutral, physically inspect the plunger pump before proceeding further. 

 



2.30 Start-up & Testing Considerations 

 

*All MSI pumps are factory acceptance tested prior to shipment using the following procedure* 

 

2.40 Pump Unit Testing Procedure 

 

Taking time to test a new pump unit will help ensure reliable future operation.  The pump should be 

put through the three steps below. 

 

a) Run the pump at the appropriate setting for one hour.  During operation, inspect for unusual 

noise, leaks and vibration.   

 

Plunger Dia Pump RPM GPM/BPM PSI BHP 

2 ¾” 143 66/1.57 5,895 250 

3” 143 79/1.88 4,955 250 

3 ½” 143 107/2.55 3,640 250 

4” 143 140/3.33 2,785 250 

4 ½” 143 177/4.21 2,200 250 

 

b) Run the pump at the appropriate setting for 1 hour.  During operation, inspect for unusual 

noise, leaks and vibration. 

 

 

 

 

 

 

 

 

 

c) Run the pump at the appropriate setting for 1 hour.  During operation, inspect for unusual 

noise, leaks and vibration. 

 

 

 

 

 

 

 

 

 

*Pressure limited to 15,000 PSI due to discharge flange.   

 

Once the three steps are complete:  Visually inspect all hoses, seals, and covers for oil leaks.  Check 

the plungers for scoring or heating.  Change the oil filters and check inside the old filters for any large 

metal filings.  Some metal filings (flakes) are to be expected.  It is good practice to keep a magnet near 

the return port of the lubrication pump.   

 

 

Plunger Dia Pump RPM GPM/BPM PSI BHP 

2 ¾” 75 35/0.83 10,500 240 

3” 75 41/0.98 9,600 255 

3 ½” 75 56/1.34 7,000 255 

4” 75 73/1.75 5,400 255 

4 ½” 75 93/2.21 4,300 260 

Plunger Dia Pump RPM GPM/BPM PSI BHP 

2 ¾” 57 26/0.62 15,000* 250 

3” 57 31/0.74 14,155 285 

3 ½” 57 43/1.02 10,400 285 

4” 57 56/1.33 7,960 285 

4 ½” 57 71/1.69 6290 285 



2.50 Warm-up Prior to Rotating Pump 

  

Idle engine prior to operation to check that pump has proper oil pressure (See sect 4.70) and a 

minimum temperature 60
o
 F.   

 

 

3.00 Scheduled Maintenance 

 

MSI recommends that all pumps have regular scheduled maintenance.  Regular maintenance will help 

ensure trouble-free operation. 

 



3.10 Power Frame to Fluid End Make-Up  

 

Drawings below show the Power Frame and Fluid End make-up for each plunger size.



3.10.1 Power Frame to Fluid End Make-Up – 2.75 Plunger 

 

 



3.10.2 Power Frame to Fluid End Make-Up – 3.00 Plunger 

  

 



3.10.3 Power Frame to Fluid End Make-Up – 3.50 Plunger  

 

 



3.10.4 Power Frame to Fluid End Make-Up – 4.00 Plunger  

 

 



3.10.5 Power Frame to Fluid End Make-Up – 4.50 Plunger  

 

 



3.20 Fluid End Assembly-Exploded View 

 

 Drawings below are for the two different sizes of Fluid Ends that MSI manufactures.  See 

Section 6.20 for the different Packing Assembly Drawings.



3.20.1 Fluid End Assembly for 2.75 & 3.00 Plungers – Exploded View 

 



3.20.2 Fluid End Assembly for 3.50, 4.00 & 4.50 Plungers – Exploded View  

 
 



3.20.3 Xtreme Service Fluid End Assembly for 2.75 & 3.00 Plungers – Exploded View  

 
 



3.20.4 Severe Service Fluid End Assembly for 3.50, 4.00 & 4.50 Plungers – Exploded View  



3.30 First 100 Hours of New Pump Operation 

 

a) Change Power Frame lube oil filters every 25 hours  

b) Thoroughly clean the Power Frame lube oil suction strainer after the first 50 hours and 100 

hours operation. 

c) Change the Power Frame lube oil after the first 100 hours operation and clean the lube oil 

reservoir. 

 

 

3.40 Daily Preventative Maintenance 

 

a) Check the oil level in the Power Frame lube oil reservoir. 

b) Check the oil level in the plunger lube oil reservoir.  

c) Check the plunger pump for oil leaks and/or fluid leaks. 

d) Check the Power Frame lube oil system for leaks. 

e) Check the plunger lube system for leaks. 

f) Check the supercharge piping for leaks. 

g) Check the Fluid End bolts.  Each has a mechanical indicator in the face and should read 

between 90 and 95 on the dial.  Tighten as necessary, but do not exceed 95 on the dial.  If the 

indicator is not working return it to MSI for immediate replacement.   Note:  In order to 

achieve the necessary preload without damaging the bolt, use DOW CORNING G-n Metal 

Assembly Paste as a thread lubricant. 

 

 

3.50 Weekly Preventative Maintenance 

 

a) Check all items on “daily” list. 

b) Check all valves, inserts, valve seats and springs. 

c) Check all discharge and suction cover seals. 

d) Check suction pulsation dampener for correct pre-charge if applicable 

 

 

3.60 Every 100 hours Preventative Maintenance 

 

a) Check all items on “daily” and “weekly” lists. 

b) Check all plunger pump-mounting bolts to ensure that they are tight. 

c) Change Power Frame lube oil filters. 

d) Check all supplies needed for routine maintenance such as o-rings, fluid seals, valves, valve 

inserts, valve seats, valve springs, packing, oil seals, filter elements, etc. 

 

 

3.70 Every 250 hours Preventative Maintenance 

 

a) Check all items on “daily,” “weekly,” and “100 hours” list. 

b) Change the Power Frame lube oil and refill with the proper grade of gear oil for upcoming 

ambient conditions. 

c) Thoroughly clean the Power Frame lube suction strainer. 

d) Remove and inspect the plungers and packing assembly components.   

e) Replace all packing pressure rings and header rings. 

f) Clean the plunger pump’s oil breather and the Power Frame lube oil reservoir breather. 



3.80 Yearly, or as Required, Preventative Maintenance 

 

a) Replace worn plungers and packing brass. 

b) Replace worn or corroded valve covers, suction valve stops, packing nuts, discharge flanges, 

pump tools, etc. 

c) Replace all discharge flange seals and suction manifold seals. 

d) Replace any defective gauges and instruments. 

 

 

3.90 Inspection of Bearings and Gears 

 

a) Inspection of the gears, bearings, and journal bearings should be made every 500 hours.  Look 

in the oil filter for telltale clues such as flaking metal.  Also check for end play on pinion shaft.  

This is easily checked by placing a dial indicator on face of Spicer flange and pulling on the 

Spicer flange.  There should be no movement on the Spicer flange. If end play is noted see 

section 7.10 paragraph (k). 

b) Remember: Pitting, spalling, and other surface defects are an indication of impending failure.  

Replace as necessary. 



4.00 Schematic on Lube System 

 

 



4.10 Power Frame Lube Lines- Dual Lube Pipe 

 

 



4.20 Gear Reducer Lube Lines 

 



4.30 Recommended Lubrication 

 

Select the type of oil by the type of service.  Other brands are acceptable provided they contain an 

“extreme pressure” (EP) additive, meet or exceed U.S. Mil. Spec. Mil-L-210B, and should have a 

Timken Test rating no lower than 45 lbs. 

 

4.40 General Service Lube Oil for Power Frame 

 

These oils are generally classified as an SAE 90 automotive grade and are recommended where 

ambient temperatures range from 20° to 90° Fahrenheit.  These oils have a pour point of 

approximately 0° Fahrenheit and a viscosity rating of 85 SUS or more at 210° Fahrenheit.  The 

plunger pump’s oil temperature must not exceed 175° Fahrenheit when using one of these oils. 

 

4.50 Cold Service Lube Oils 

 

These oils are generally classified as an SAE 80 automotive grade or an AGMA #3EP industrial grade 

and are recommended where ambient temperatures range from –25°
 
Fahrenheit to 70° Fahrenheit.  

These oils have a pour point of approximately –25° Fahrenheit and a viscosity rating of 55 US at 210° 

Fahrenheit.  The plunger pump’s oil temperature must not exceed 130° Fahrenheit when using one of 

these oils. 

 

4.60 High Temperature Lube Oils 

 

These oils are generally classified as an SAE 140 automotive grade or an AGMA #7 EP industrial 

grade and are recommended where ambient temperatures range from 35° Fahrenheit to 110° 

Fahrenheit.  These oils have a pour point of approximately 20° Fahrenheit and a viscosity rating of 140 

SUS at 210° Fahrenheit.  The plunger pump’s oil temperature must not exceed 195° Fahrenheit when 

using one of these oils. 

 

4.70 Lubrication Supply System 

 

Due to the nature of well servicing operations, the highest pump pressures and load conditions occur at 

very slow pump speeds.  These operating conditions require high oil pressure at low pump RPM.  MSI 

recommends a minimum internal pressure of 40 psi measured at the top lube hole (see drawing on 

4.00).  This pressure dictates the flow rate to be maintained during any operation of the pump, but a 

minimum flow rate of 8 gpm should be maintained.  MSI does not supply lubrication pumps, as 

custom configurations and different set-ups are limitless.  

 

MSI does recommend that a properly designed power end lube system meet the following 

specifications: 

 

4.80 Lube Pump 

 

a) Best results have been obtained using a gear type pump rated at 20 GPM and 300 psi minimum 

at its installed maximum RPM.   

b) Inlet and outlet ports should be as large as possible with 1½" inlet and 3/4" outlet preferred.  If 

the gear pump suction inlet port is smaller than 1½", a swage connection should be used on the 

suction port in order to maintain a 1½" suction line size as near the gear pump as possible. 

c) It is highly recommended that a liquid-filled vacuum gauge (0 to 30" Hg) be installed as near 

the gear pump suction port as possible in order to monitor the suction flow conditions, 



especially during cold startups in cold weather. 

d) The gear pump may be direct-coupled to an accessory drive location on the engine or can be 

direct-coupled to the transmission with a pump-mount type power take-off (PTO). The 

transmission/PTO mount usually offers the advantage of a lower mounting and improved 

suction conditions. The lube pump mounting must be a direct-coupled positive-drive 

arrangement, which operates at engine speed whenever the plunger pump's prime mover is 

running. 

 

4.90 Oil Reservoir 

 

a) Must be 50-gallon minimum capacity. 

b) Suction outlet to be 1½" minimum and located as close to the bottom as possible. 

c) Suction outlet and return inlets to be as far apart as possible. 

d) Return fitting for drain back to be 3” minimum; return fitting for relief valve line to be 1" 

minimum. 

e) A serviceable magnet located near the 3" return port is highly recommended. 

f) Breather/filler cap to be 40-micron/25CFM minimum and should include a built-in strainer to 

prevent trash from entering the reservoir. 

g) Dipstick or sight glass to indicate oil level in the reservoir. 

h) Reservoir must be located below the lowest drain port in the plunger pump and as near the 

plunger pump as possible (preferably directly underneath.) 

i) A valve installed at the lowest point in the tank is recommended to allow for accumulated 

water to be removed. 

 

4.100 Lube System Suction Piping 

 

a) Must be 1½" I.D. minimum throughout so that the suction flow velocity never exceeds 2 to 3 

feet per second. 

b) Must include a suction strainer with 11½" minimum port size, 40 to 100 mesh (400-150 

micron) wire cloth, 300 sq. in. minimum element area, 3 to 5 PSI (6” to 10” Hg) built-in 

bypass, and rated at 50 GPM minimum flowrate. An in-line canister type strainer is preferred 

due to the ease of routine maintenance in cleaning the element. 

c) A 1½" minimum swing type check valve may be used in the suction line if the lube pump is 

located above the fluid level in the reservoir. 

d) The suction line should be as short as possible, free from excessive bends, and wire reinforced 

to prevent collapsing. If longer than 10 feet the resulting friction losses should be compensated 

for by increasing the line size to 2" I.D. minimum. 

 

4.110 Lube System Pressure Lines and Oil Filter 

 

a) Pressure lines must be 3/4" I.D. minimum in order to maintain a flow a velocity of 10 to 12 ft. 

per second maximum. 

b) Pressure lines should be wire reinforced with a minimum working pressure of 800 PSI. 

c) The oil filter must be rated at 50 GPM/200 PSI minimum, must have a built-in 15 to 25 PSI 

relief valve, and 25 to 33 micron elements. The filter may be of either the spin-on throwaway 

element type or the canister enclosed throwaway element type. The filter must be located in an 

easily serviceable location, and a built-in bypass indicator (service indicator) is recommended. 

A dual element filter rated at more than 50 GPM will decrease the pressure drop associated 

with filtering 90 weight gear oil and will increase the time interval required between filter 

element changes. An external relief valve should never be used to protect the filter. 



d) A liquid filled 0 to 200 PSI oil pressure gauge must be located at the ½” NPT lube inlet on the 

plunger pump.  An auxiliary oil pressure gauge is also highly recommended for those units 

having remote control consoles. 

 

 

4.120 Lube System Relief Valve and Relief Return Line 

 

a) The system relief valve should be a ¾” 20 to 25 GPM, 60 PSI minimum/200 maximum, 

adjustable non-chattering type relief valve.    

b) The relief valve should be located as close to pump inlet as possible.  When setting relief valve, 

the pressure must be read at top lube hole (See drawing 4.00). 

c) The relief return line should be 3/4" I.D. minimum, wire reinforced, rated at 800-PSI minimum 

operating pressure; and should return directly to the reservoir. 

 

 

4.130 Lube Drain Lines (from plunger pump to reservoir) 

 

a) The TI-600 is equipped with a 2" NPT drain port in the Gear Reducer housing and a 3" NPT 

drain port in the bottom of the power end housing. The drain lines should never be smaller than 

the drain port in the power end/speed reducer and should be as short as possible. The drain 

lines should be free of excessive bends and kinks and should flow continuously downhill to the 

reservoir. If necessary, the 2" drain line from the speed reducer can be “teed” into a common 

3" drain line returning to the reservoir. The lowest 2" NPT drain port in the speed reducer 

should always be utilized for the drain line in order to prevent the Gear Reducer from 

accumulating excess oil. 

b) A 0° to 250° Fahrenheit oil temperature gauge should be installed in the primary drain line 

such that its sensor will be submerged in the return oil from the plunger pump. The temperature 

gauge should also be located in a place easily accessible for viewing. An auxiliary oil 

temperature gauge is also highly recommended for those units, which have a remote control 

console. 

 

4.140 Optional Lube System Equipment 

 

a) In extremely hot ambient conditions, an oil cooler may be required to prevent excessive oil 

temperatures and inadequate oil viscosity. When used, the oil cooler should be of the "air to 

oil" or "forced air" type and should be located down-stream from the oil filter. The cooler 

should be rated at 50 GPM/250 PSI minimum, and should have ¾” minimum inlet and outlet 

connections.  A bypass with a valve should allow the oil to bypass the cooler when colder 

ambient conditions occur. 

 

b) In extremely cold ambient conditions, the use of either an electric sump heater or a "tube and 

shell" heat exchanger may be required to prevent extremely poor lube suction conditions, lube 

pump damage, and plunger pump damage due to the lube oil becoming too cold and viscous to 

flow properly. When used, the electric sump heater should be installed near the suction outlet 

in the oil reservoir and should be capable of heating the oil to approximately 80° to 100° 

Fahrenheit over an 8 to 12 hour period of time. The sump heater must be thermostat controlled 

to prevent overheating the oil. 

 

c) When using a 'tube and shell" type heat exchanger for lube oil heating with engine jacket 

water, the heat exchanger should be rated at 50 GPM/250 PSI minimum with 3/4" minimum 



inlet and outlet passage connections. The heat exchanger must be plumbed in a manner that 

will allow it to be easily bypassed in the event the power end lube oil temperature starts to 

exceed 180° Fahrenheit. 

 

4.150 Recommended Plunger Lubrication Specifications 

 

It is essential for the effectiveness and life of the plunger packing to provide sufficient lubrication to 

the fluid end plungers and stuffing box. Failure to do so may result in short packing life, plunger 

damage, and costly down time. Typical fluid end plunger lubrications systems utilize either an air over 

oil pneumatic or positive displacement grease system. Either lubricating method is acceptable as long 

as the following guidelines are heeded. 

 

The lubricant should be suitable for the entire operating temperature range of the well service pump, 

resist water, inhibit corrosion, and provide wear protection. Oils used for plunger lubrication will 

typically have a viscosity index of about 95, and greases will be NLGI grade 0 to 2; depending on the 

application. 

 

Consult MSI Engineering if assistance is required in selecting a lubricant. 

 

 

5.00 Power Frame Repair Procedures 

 

Due to the complexity of the task and the need for special tools and training, MSI does not recommend 

the complete disassembly of the TI-600 Power Frame in the field.  If extensive Power Frame repairs 

are required, the pump should be returned to Dixie Iron Works, Ltd. where expert service can be 

obtained on an expedited emergency basis, if needed.  When field repairs are required, they should be 

performed in a clean, well-equipped shop by a trained well service pump technician. 

 

Drawings below contain reference numbers such as PEM XXX or FEM XXX.  These numbers 

reference additional drawings.  Size specific numbers, such as the diaphragm seal housing will have a 

letter denoting the various sizes as well as the number.  

 

Example:  FEM 001 references drawings- 

FEM-A 001 for 2.75 plunger size. 

FEM-B 001 for 3.00 plunger size. 

FEM-C 001 for 3.50 plunger size. 

FEM-D 001 for 4.00 plunger size. 

FEM-E 001 for 4.50 plunger size. 

 

 



5.10 Power Frame Assembly-Exploded View 

 



5.10.1 Power Frame Assembly-Exploded View 

 



5.10.2   Power Frame Assembly-Exploded View 2.75 Plunger Reference  



5.10.3 Power Frame Assembly-Exploded View 3.00 Plunger Reference  



5.10.4  Power Frame Assembly-Exploded View 3.50 Plunger Reference  

 



5.10.5 Power Frame Assembly-Exploded View 4.00 Plunger Reference  

 



5.10.6 Power Frame Assembly-Exploded View 4.50 Plunger Reference  

 



5.10.7 Power Frame Assembly-Exploded View Reference  

 



5.10.8  Power Frame Assembly-Exploded View Reference  

 



5.10.9  Power Frame Assembly-Exploded View Reference  



5.10.10 Power Frame Assembly-Exploded View Reference  

 



5.10.11 Power Frame Assembly-Exploded View Reference  

 



  5.10.12 Power Frame Assembly-Exploded View Reference  

 



5.10.13 Power Frame Assembly-Exploded View Reference  

 



  5.10.14 Power Frame Assembly-Exploded View Reference  

 



  5.10.15 Power Frame Assembly-Exploded View Reference  



5.20 Power Frame Assembly-Section View 

 



5.30 Removing the Crankshaft, Connecting Rods, and Crossheads 

 

a) Remove the Gear Reducer assembly (see Section 7.10.) 

b) Remove the plunger and seal retainers (see Section 6.30.) 

c) Using a 9/16” wrench, remove the 3/8” cap screws, which secure the side and rear covers to the 

Power Frame housing.  

d) Remove the 1/8” cotter pin from the each of the twelve connecting rod bolts.  Using a 15/16” 

wrench, remove the slotted 5/8” hex nuts from each of the twelve connecting rod bolts.  

Remove the three connecting rod caps taking care to avoid damaging the rod bearing half 

trapped inside each cap.  Shove each connecting rod/crosshead assembly all the way forward 

taking care to avoid damaging the rod bearing half trapped inside each connecting rod. 

e) Using a ¾” wrench, remove the ½” cap screws which secure the wrist pin retainer plate to the 

crosshead.  Using a slide hammer with 1- ¼” UNC puller thread, pull the wrist pin from the 

crosshead.  Remove the connecting rod from the crosshead, and take it out of the Power Frame.  

Rotate the crosshead 90 degrees and remove it through the side of the Power Frame.  The 

remaining crossheads should be removed in the same manner. 

f) Reattach each match-marked connecting rod cap to the rod from which it was removed.  Note:  

If the connecting rod bearing halves are to be removed and re-used, they must be tagged so that 

they can be reinstalled in the same connecting rod or cap. 

g) Using a 9/16” wrench, remove the 3/8” cap screws, which secure the tach drive housing to the 

Power Frame.  Remove the tach drive assembly.  **If required. 

h) Using a 1 7/16” wrench, remove the eight 7/8” nuts, which secure the main bearing housing to 

the Power Frame.  Remove the main bearing housing and inspect the bearing for wear. 

i) Turn the Power Frame housing over on its side so that the crankshaft extension is pointed 

straight up.  The Power Frame must be blocked up so that is rests level.  Using a 9/16” wrench, 

remove the 3/8” cap screws, which secure the three bearing retainers against the top inner main 

bearing’s outer race.  Lift the crankshaft from the Power Frame. 

j) Using a 9/16” wrench, disconnect all six lube oil hoses from the fittings at the rear of each 

crosshead guide.  Using a 15/16” wrench, remove the two 5/8” cap screws, which secure each 

crosshead guide to the Power Frame housing.  Remove all six crosshead guides and inspect 

them for wear. 

k) Reassembly of the Power Frame should be performed in the reverse order of the disassembly 

instructions shown above. 

 

Note: Prior to reassembling the Power Frame, all lubrication hoses and lube passages should be 

flushed and cleaned thoroughly. 

 

 When reinstalling the crosshead slides, care must be taken to avoid excessive torque on the 

5/8” cap screws to more than 50 ft-lbs. torque.  Excessive torque can distort the surface of the 

slide causing crosshead misalignment. 

 

 When reinstalling the crankshaft, care must be taken to shim the spline fixed-type inner main 

bearing so that it has only .003” to .005” lateral movement.   

 

 All cap screws, nuts, etc. must have the proper amount of torque upon reassembly (see Torque 

Table in Appendix). 

 



5.40 Connecting Rod Assembly- Exploded View 

 



5.50 Crosshead Assembly- Exploded View 

 



5.60 Diaphragm Seal Housing-Exploded View 

Note See 5.10.2 through 5.10.5 for other sizes



5.70      Power Frame Lube Lines-Dual Lube Pipe 

 



5.80 Power Frame Crosshead & Crank Rotation 



6.00 Fluid End Repair Procedures 

 

Exercise care while working on the Fluid End.  Errant dings on the sealing surfaces of the Fluid End 

may cause leaks.   

 



6.10 Fluid End Assembly 

 

Drawings below are for the two different sizes and styles of Fluid Ends that MSI manufactures.   

 

FEM 002 number corresponds to different plunger sizes.  See drawings below. 



6.10.1 Fluid End Assembly for 2.75 & 3.00 Plungers – Exploded View 

 



6.10.2  Fluid End Assembly for 3.50, 4.00 & 4.50 Plungers – Exploded View  

 



6.10.3 Xtreme Service Fluid End Assembly for 2.75 & 3.00 Plungers – Exploded View 

 



6.10.4 Severe Service Fluid End Assembly for 3.50, 4.00 & 4.50 Plungers – Exploded View 



6.20 Packing Assembly 

 

The following drawings depict the parts of the Packing Assembly and how the parts are made-up 

together. 

 

FEM 002 number corresponds to different plunger sizes.  See drawings below. 

 



6.20.1 Packing Assembly 2.75 Plunger-Exploded View 

 



6.20.2 Packing Assembly 2.75 Plunger-Section View  

 



6.20.3 Packing Assembly 3.00 Plunger-Exploded View 

 

 



6.20.4 Packing Assembly 3.00 Plunger-Section View 

 



6.20.5 Packing Assembly 3.50 Plunger-Exploded View 

 



6.20.6 Packing Assembly 3.50 Plunger-Section View 

 



6.20.7 Packing Assembly 4.00 Plunger-Exploded View 

 



6.20.8 Packing Assembly 4.00 Plunger-Section View 

 



6.20.9 Packing Assembly 4.50 Plunger-Exploded View 

 



6.20.10 Packing Assembly 4.50 Plunger-Section View 

 



6.30 Removing  Plungers and Packing 

 

a) Remove the plunger lube fitting from each packing nut. 

b) Using the MSI packing nut tool (FEC0027), loosen each of the packing nuts at least one full 

turn. 

c) Remove the suction covers using MSI Wrench (FEC0024). 

d) Using the MSI plunger wrench (FEC0023), unscrew the plunger from the crosshead and pull 

each plunger out of the fluid cylinder through the suction cover bore.  Care must be taken to 

keep contaminants from entering the Power Frame section once the plunger is removed.  

e) When removing the plunger packing, try to keep the Stuffing Box Adapter (Seal Ring) in the 

Fluid End using MSI Adapter Stuffing Box Retaining Tool (FEC0115,-116,-117,-118,-119).  

Keeping the Stuffing Box Adapter (FEC0066,-10,-58,-59,-36) in the Fluid End will make the 

removal easier.  Once the packing nut is removed, the Stuffing Box Adapter (FEC0066,-10,-

58,-59,-36) may then be removed from the cylinder.  Label each packing nut on removal to 

ensure that they are installed back into the same bore.  Note that the packing nuts are numbered 

to their corresponding cylinders. 

f) Inspect each plunger for wear, scoring, and corrosion on the hard surface area and damage to 

the face which mates with the crosshead. 

g) Inspect each ring of packing brass for excessive wear and scoring. 

h) Blow air through the lube port on each packing nut to ensure that the lube passage is 

unobstructed. 

i) Each packing bore, both inside the packing nut and inside the fluid cylinder, must be 

thoroughly cleaned and lightly hand polished with a 220 to 240-grit Emory cloth prior to 

packing reinstallation. 

j) Using new packing header rings and new packing pressure rings, reinstall the packing 

assembly one piece at a time (refer to the Packing Assembly diagram included in this manual).  

Each ring should be installed with a coating of light oil only.  Care must be taken to avoid 

damaging the internal and external sealing lips of each packing ring. 

k) Replace the o-rings and back up rings in the seal rings and dress the seal ring seal areas in both 

the fluid cylinder and packing nut with 220 to 240 grit Emory cloth.  Reinstall the seal rings as 

shown in the packing assembly diagram. 

l) Reinstall each packing nut into its proper cylinder, screwing it all the way in until tight, then 

backing it off one to two turns. 

m) Coat the hard surface area of each plunger with a light oil and insert it into the packing.  Using 

MSI Plunger Wrench and 10 lb. hammer, bump the plunger into the packing while holding it as 

straight as possible with the packing bore centerline. Continue bumping the plunger through 

the packing until the threaded bore approaches the crosshead stud.  Carefully align the plunger 

and crosshead threads then rotate the plunger clockwise until the plunger is fully seated on the 

crosshead. 

n) Tighten the plunger to the crosshead with the MSI plunger wrench to achieve 300 ft*lbs of 

torque. 

o) Using the MSI packing nut wrench, tighten each Packing Nut until it stops.   

 

NOTE: The packing nut will need to be retightened only once after the pump is reassembled and run 

under pressure for a few revolutions.  After that, the packing is completely self-adjusting. 

 

p) Reinstall the check valve and lube fittings into the packing nut. 

q) Reinstall the suction covers as outlined earlier. 

 

 



6.31 Packing Tool Remover in Fluid End 

 



6.40 Removing the Valves and Seats 

 

a) Using the MSI 2” hex cover wrench (MSI Wrench FEC0024) and a 10 lb. hammer, remove the 

suction covers and discharge covers from the fluid cylinder. 

b) Turn the suction valve stop until it stops approximately 90 degrees and remove the valve from 

the fluid cylinder along with the valve springs underneath them. 

c) Remove the valve from the Fluid End.  Follow the valve manufacturer’s recommendation of 

removing the insert from the valve. 

d) Remove the discharge valve springs and discharge valves from the fluid cylinder. 

e) Using an MSI seat puller assembly (FEC0113,-114), remove each of the discharge valve seats 

and suction valve seats. 

f) The tapered valve seat bore in the fluid cylinder must be thoroughly cleaned and lightly hand 

polished with 220 to 240 grit Emory cloth prior to installing new valve seats.  

g) Always install a new o-ring seal when reinstalling a valve seat.  Do not use any grease, sealer, 

etc.-the valve seat must be installed dry.  Upon installing the valve seat hand tight, install the 

valve in the seat and using a heavy steel bar with Teflon or wood pad, hammer the valve seat 

into the taper. 

h) When reinstalling the valves, do not mix one manufacturer’s valve with another manufacturer’s 

valve seat.  Likewise, do not mix one manufacturer’s valve insert with another’s valve. 

i) When reinstalling the suction valve stop, make certain it is turned perpendicular to the plunger 

and securely seated in the groove in the cylinder. 

j) Before reinstalling the discharge and suction covers, remove the seals from each, clean the 

covers thoroughly, and install new seals in the same direction that the old ones came off.  Each 

cover bore in the fluid cylinder must be cleaned thoroughly and lightly hand polished with 220 

to 240 grit Emory cloth prior to cover installation. 

k) Upon installing the threaded suction and discharge covers with a coating of oil or very light 

grease, tighten them securely with the 2” hex cover wrench and a 10 lb. hammer. 

 

 

6.50 Removing Discharge Flanges 

 

a) Using a 1 5/8” wrench, remove the four 1” nuts from each of the two discharge flanges.   

b) Remove each discharge flange from the fluid cylinder.  Remove the fluid seals from both the 

inlet side and outlet side of each discharge flange.  Closely inspect each discharge flange for 

internal erosion and corrosion.  Inspect the discharge flange threads for wear and damage.  The 

discharge flange seal surfaces should be thoroughly cleaned and lightly hand polished with a 

220 and 240 grit Emory cloth prior to reinstallation. 

c) Inspect the fluid cylinder discharge flange bores for erosion and corrosion.  Thoroughly clean 

and lightly hand polish each bore with a 220 to 240-grit Emory cloth prior to reinstalling the 

discharge flanges. 

d) Using a new fluid seals and a coating of light oil.  Install seals into Fluid End bores lip end 

first.  Carefully install the Discharge Connection so as not to damage seal.  Reinstall the four 

1” hex nuts on each flange and evenly tighten them to the proper torque (Appendix 10.20). 

 

 

6.60  Removing the Suction Manifold 

 

a) Using a 1-1/8” wrench, remove the twelve ¾” cap screws which secure the suction manifold to 

the fluid cylinder, and drop the suction manifold away from the fluid cylinder. 



b) Inspect the suction manifold for internal erosion and corrosion.  Remove the three suction 

manifold o-ring seals and inspect the seal grooves in the manifold for erosion and corrosion.  

Inspect the face and O.D. of the pipe at each end of the manifold for erosion and corrosion.  

Note:  The MSI manifold incorporates a Victaulic “ES” type connection at each end which will 

accept either a Victaulic “End Seal Cut Groove: gasket or a Victaulic “Standard Cut Groove” 

gasket.   

c) The condition of the pipe face at each end of the manifold is important for sealing purposes 

only when the “End Seal” (ES) gasket is used. 

d) Inspect the bottom face of the fluid cylinder for erosion and corrosion.  Thoroughly clean and 

lightly hand polish the bottom face of the fluid cylinder with a 220 to 240 grit Emory cloth 

prior to reinstalling the suction manifold. 

e) Using new o-ring seals, reinstall the suction manifold.  Reinstall the twelve ¾” cap screws and 

evenly tighten them to the proper torque (Appendix 10.20). 

 

 

6.70 Removing the Fluid End  

  

a) Remove Plungers and Packing as outlined in Section 6.3 

b) Remove the four (4) 1” bolts and the four (4) 1 3/8” bolts, which secure the fluid cylinder to 

the Power Frame.  Remove the fluid cylinder from the Power Frame.  *Note that the fluid 

cylinder is only secured by these 8 bolts and must be supported before the bolts are removed. 

c) Examine the mating surfaces of the fluid cylinder and nose plate for signs of damage.  Examine 

mounting bolt threads for signs of damage.  Repair or replace as necessary.   

d) Clean and lubricate the fluid cylinder mounting bolt threads with DOW CORNING G-n Metal 

Assembly Paste. 

e) Reconnect all hose and piping connections and tighten plunger to crosshead to torque of 300 ft-

lbs. 

 



7.00 Gear Box Repair Procedures 

 

Due to the complexity of the task and the need for special tools and training, MSI does not recommend 

the complete disassembly of the TI-600 Gear Reducer in the field.  If extensive Gear Reducer repairs 

are required, the pump should be returned to the Dixie Iron Works, Ltd. where expert service can be 

obtained on an expedited emergency basis if needed.  When field repairs are required, they should be 

performed in a clean well equipped shop by a trained well service pump technician. 

 

 

7.10 Removing and Disassembling the Gear Box 

 

The TI-600 Gear Reducer assembly may be removed from the Power Frame without being 

disassembled by using a 1-7/16” wrench to remove the eight 7/8” hex nuts, which secure the Gear 

Reducer to the Power Frame.  MSI highly recommends removing the Gear Reducer intact when at all 

possible.  When Gear Reducer internal repairs are required, follow the procedure below to inspect or 

replace the bull gear, pinion shaft, or roller bearings:  

 

a) Remove the unit’s mechanical driveline from the pump’s input shaft. 

b) Remove the lubrication hoses from the Gear Reducer and remove the Gear Reducer as a 

complete assembly from the Power Frame.  Lay the Gear Reducer down on its mounting flange 

face with the input shaft facing up. 

c) Using a 1 ½” wrench, remove the 1” cap screw which secures the splined companion flange to 

the input shaft.  Remove the companion flange and inspect it for wear. 

d) Using a ¾” wrench, remove the eight ½” cap screws, which hold the pinion seal retainer to the 

Gear Reducer housing.  Remove the pinion seal retainer and shims from the Gear Reducer, 

remove the oil seal from the retainer, and scrape all old silicone sealer from the retainer. 

e) Using a punch and hammer, drive the three ½” dowel pins from the outer flange of the Gear 

Reducer housing.  Using a ¾” wrench, remove the nineteen ½” cap screws, nuts, and washers, 

which secure the Gear Reducer, cover plate to the housing.  Remove the eight ½” cap screws 

which secure the bearing cover to the Gear Reducer.  Remove the bearing cover and shims.  

Lift the cover plate away.  Scrape all old silicone sealer from the Gear Reducer cover and from 

the flange on the housing.  Using a brass punch and hammer, drive both bearing cups (outer 

races) from the cover plate and inspect them for wear or damage. 

f) Remove the bull gear from the pump and inspect the gear teeth and both tapered roller bearing 

cones for wear and damage. 

g)  Remove the pinion shaft form the Gear Reducer and inspect both tapered roller bearing cones 

for wear and damage.  If the bearing needs to be removed from the shaft, do so by carefully 

heating them with an acetylene torch until they will slip off the shaft.  Care must be taken to 

avoid overheating the shaft itself.  Inspect the shaft for wear and damage to the gear teeth, and 

bearing journals. 

h) Using a ¾” wrench, remove the eight ½” cap screws which hold the rear pinion-bearing cap on 

the Gear Reducer housing. Remove the bearing cap and scrape all old silicone sealer from it. 

i) Turn the Gear Reducer housing over on the opposite face.  Using a brass punch and hammer, 

drive the tapered roller bearing cups (outer races) out of the Gear Reducer housing and inspect 

them for wear and damage. 

j) Reassembly of the Gear Reducer should be performed in the reverse order of the disassembly 

instructions above.  Installation of new tapered roller bearing cones on the pinion shaft or bull 

gear can be performed by pressing them on or by heating the cone assembly through any one of 

several methods.  A temperature controlled heating plate, hot oil bath unit, hot air cabinet, or 

induction heating unit can be used to safely heat the bearings.  When heating a bearing for 



installation, the temperature must not exceed 250 degrees Fahrenheit (121 degrees Celsius).  

Installation of new tapered roller bearing cups in the housing should be performed by tapping 

them into the housing with a soft metal bar or by pressing them into the housing. 

k) Upon reinstallation of the bull gear and pinion shaft, it is extremely important to establish the 

proper bearing “pre-load” (.003” to .005”) before operating the pump.  This “pre-load” must be 

accomplished by obtaining endplay readings with a dial indicator and removing the appropriate 

thickness of bearing adjustment shims.  Silicone liquid gasket material should not be applied to 

the bearing retainer until after the bearing pre-load has been set properly.   



7.20 Gear Box Lube Lines 

 



7.30 Gear Box, 4.61:1 Ratio Standard–Exploded View 

 



7.30.1 Gear Box, 4.61:1 Ratio Long Drive–Exploded View 

 



7.30.2 Gear Box, 6.38:1 Ratio Long Drive–Exploded View 

 



8.00 Supercharging Pump Intake 

 

Due to the high speed design characteristics associated with well service plunger pumps, 

supercharging the TI-600 is a must.  The nature of well service operations (extreme variations in flow 

rates coupled with the pumping of heavy slurries) requires a well designed supercharge system.  The 

supercharging system must deliver an adequate supply of fluid to the plunger pump’s suction manifold 

and at high enough pressures and low enough flow velocities to prevent the pump from starving for 

fluid. At the same time, maintaining fluid velocities high enough to keep solids suspended in the fluid 

slurry is essential as well.  A well-designed supercharging system is extremely important to avoid the 

harmful effects of cavitation and insure trouble-free service from the TI-600.  A well-designed 

supercharging system will meet the following guidelines: 

 

 

8.10 Supercharging Operational Parameters 

 

NOTE:  The supercharge pressure must always be greater than the vapor pressure of the fluid being 

pumped. 

 

a) Recommend Supercharge Pressure (at plunger pump suction inlet):  50-PSI (69 ft. 

head) minimum to 80 PSI (185 ft. head) maximum. 

 

b) Number of 4” suction hoses required maintaining 4 ft. per second maximum fluid 

velocity in “gravity feed” portion of the system: 

 

 

 

 

 

 

 

 

 

c) Steel pipe size required maintaining 4 ft. per second maximum fluid velocity in 

“gravity feed” portion of the system: 

 

 

 

 

 

 

 

 

 

d) Number of 4” suction hoses required to maintain 12 ft. per second maximum fluid 

velocity in the “pressurized” portion of the system: 

 

GPM FLOW BPM FLOW NUMBER OF 4” HOSES REQ’D 

470 11.19 One 

940 22.38 Two 

GPM FLOW BPM FLOW NUMBER OF 4” HOSES REQ’D 

157 3.74 One 

313 7.45 Two 

470 11.19 Three 

626 14.90 Four 

783 18.64 Five 

GPM FLOW BPM FLOW PIPE SIZE REQ’D sch. 40 

156 3.71 4” I.D 

250 5.95 5” I.D. 

*360 8.58 6” I.D. 

626 14.90 8” I.D. 

979 23.31 10” I.D. 



e) Steel pipe size required maintaining 12 ft. per second maximum fluid velocity in the 

“pressurized” portion of the system: 

 

 

 

 

 

 

 

 

8.20 Supercharge Pressure Gauge 

A supercharge pressure gauge should always be used in the system and should meet the following 

guidelines: 

 

a) Should be a liquid filled 0 to 100 PSI pressure gauge. 

b) Should be installed as close to the plunger pump suction inlet as possible for maximum 

accuracy. 

c) Should be used with a gauge snubber.  
 

 

8.30 Centrifugal Supercharge Pump/Mixing Pump 

 

Some well servicing operations require the use of two centrifugals – one for mixing slurry and the 

other for supercharging the plunger pump.  When two centrifugals are used, they must both meet the 

following guidelines: 

 

a) Must be capable of delivering the rated maximum flow of the plunger pump while maintaining 

50 PSI (69 ft. head) at the plunger pump suction inlet. 

b) Must be sized appropriately to overcome any friction losses in the piping between the 

centrifugal pump’s discharge and the plunger pump’s suction inlet.  For example, depending on 

the length and the layout of the piping, the centrifugal pump may have to be sized to deliver the 

required flow at 70 PSI (115 ft. head) at its discharge in order to maintain 50 psi (69 ft. head) at 

the plunger pump suction inlet. 

c) Must be operated at a speed which will deliver the required flow within the upper 15% of its 

efficiency range in order to assure adequate fluid acceleration on demand from the plunger 

pump. 

d) Must be adequately powered to deliver the plunger pump’s fluid requirements based on 

volume, pressure, and the specific gravity of the fluid or slurry. 

 

 

8.40 Primary Suction Piping and Hoses 

 

These are defined as the piping where the fluid first begins to flow its source through gravity flow or 

atmospheric pressure only.  This portion of the system is usually a pipe or hose, which connect the 

fluid reservoir to the charge pump or in some cases to a mixing pump.  The flow velocity (based on the 

plunger pump’s maximum flow rating with the size plunger being used) in this portion of the system 

must not exceed 4 ft. per second in order to flow freely under atmospheric pressure or gravity flow.  

Other guidelines are as follows: 

 

GPM FLOW BPM FLOW PIPE SIZE REQ’D sch. 40 

264 6.29 3“ I.D. 

470 11.19 4“ I.D. 

734 17.49 5” I.D. 



b) Hoses must be oil and chemical resistant wire reinforced combination vacuum/discharge hose 

rated at 30” Hg/60 PSI minimum. 

c) If steel piping is used, all piping runs must be installed so that they are level or progressively 

higher toward the plunger pump in order to prevent air traps in the system.  When used, 

reducer fittings should be of the eccentric type and installed “belly down” in order to prevent 

air traps.  All welded connections must be air and fluid tight. 

d) All piping or hoses in this portion of the system should be kept as short as possible (10 ft. or 

less) and should be free of excessive bends and turns. 

 

 

8.50 Secondary Suction Piping and Hoses 

 

These are defined as the piping, which carries fluid under pressure from the centrifugal pump’s 

discharge to another point in the system.  This is the piping which connects the centrifugal charge 

pump to the plunger pump suction inlet and can also be the piping which connects the centrifugal 

mixing pump’s discharge to a mixing tub inlet.  The flow velocity in this portion of the system (based 

on the plunger being used) should range from 8 to 12 feet per second.  Other guidelines are as follows: 

 

a) Hoses must be oil and chemical resistant wire reinforced combination vacuum/discharge hose 

rated at 30” Hg/100 PSI minimum. 

b) If steel piping is used, all piping runs must be installed so that they are level or progressively 

higher toward the plunger pump in order to prevent air traps in the system.  When used, 

reducer fittings should be of the eccentric type and installed “belly down” in order to prevent 

air traps.  All welded connections must be air and fluid tight. 

c) All piping and hoses in this portion of the system should be kept as short as possible (15 ft. or 

less) and should be free of excessive bends and turns. 

 

 

8.60 Suction Pulsation Dampener 

 

Due to the plunger pump’s positive displacement design, a naturally occurring fluid rhythm is 

generated in the supercharge system as the fluid stops and starts underneath each suction valve.  The 

varying pressure signal created by this fluid rhythm reduces the effectiveness of the charge pump 

unless the pressure signal is dampened out of the system.  A suction pulsation dampener will help 

ensure adequate fluid acceleration when each suction valve opens, will help prevent cavitation, and 

will result in a much smoother operating pump.  Guidelines for using a suction pulsation dampener are 

as follows: 

 

a) The pulsation dampener should be of the nitrogen charged bladder type rated at 100-PSI 

minimum. 

b) Should be installed above the fluid flow path so that solids in the fluid cannot settle and pack 

around the bladder. 

c) Should be installed as close to the plunger pump’s suction inlet as possible for maximum 

effectiveness. 

d) Must be pre-charged according to the manufacturer’s recommendations (usually 30% to 40% 

of the anticipated supercharge pressure. 
  



Appendix 

 

9.00 Pump Formulas 

 
Definition of Symbols Used: 

 

 A  - Area (sq. in.) 

 BHP  - Brake horsepower 

 BPM   - Barrels per minute (U.S.) 

 FV  - Flow velocity (ft./sec.) 

 GPM  - Gallons per minute (U.S.) 

 GPR  - Gallons per revolution (U.S.) 

 HHP   - Hydraulic horsepower 

 ID  - Inside diameter (inches) 

 ME  - Mechanical efficiency 

 NC  - Number of cylinders (per pump) 

 PD  - Plunger diameter (inches) 

 PSI  - Lbs./sq. in.   

 RL  - Rod load (lbs.) 

 RPM  - Crankshaft revolutions per minute  

 SL  - Stroke length (inches) 

 T  - Torque (ft. lbs.) 

 



 Pump Formulas 

 

1. To calculate the HHP output when the volume and pressure are known: 

 

HHP
PSIxGPM


1714

 

 

2. To calculate the BHP input required when the volume, pressure, and mechanical efficiency are 

know: 

 

 
BHP

MEx

PSIxGPM


1714
 

 

3. To calculate the maximum possible pressure when the BHP, flow, and ME are known: 

 

 
PSI

GPM

MExxBHP


1714
 

 

4. To calculate the maximum possible flow when the BHP, PSI, and ME are known: 

 

 
GPM

PSI

MExxBHP


1714
 

 

5. To calculate rod load when the plunger diameter, and pressure are known: 

 
RLPSIxxPDxPD 7854.0  

 

6. To calculate the maximum possible pressure at a given rod load when the RL rating and 

plunger diameter are known: 

 

PSI
xPDxPD

RL


7854.0
 

 

7. To calculate the flow in gal/rev or GPR when the plunger diameter, stroke length, and number 

of cylinders is known: 

 

GPR
NCxSLxxPDxPD


231

7854.0
 

 

8. To calculate the fluid flow velocity through a pipe or hose when the GPM and pipe size are 

known: 

 

 AAreaInternalxDIPipexDIPipe 7854.0....  

 

 FVVelocityFlow
A

xGPM


3208.0
 

 



9. To calculate the internal size of piping required to maintain a specified flow velocity when the 

GPM and desired flow velocity are known: 

 

 RARequiredAreaInternal
FV

xGPM


3208.0
 

 

10. To calculate the maximum allowable GPM through a specified flow velocity when the internal 

area of the pipe and the desired flow velocity are known: 

 

MAX

R GPM
AxFV


3208.0

 

 

11. To calculate pinion shaft or driveline torque when the input BHP and pinion shaft RPM are 

known: 

 

 TTorque
RPMINPUT

xBHP


5252
 

 

 

9.10 Conversion Factors 

 

 

 

 

 

 

 

 

 

 

 

 

Multiply: By: To Obtain: 

Barrels (U.S.) 42 Gallons (U.S.) 

Gallons (U.S) .023809 Barrels (U.S) 

Gallons (U.S.) 231 Cubic Inches 

Cubic Inches .004329 Gallons (U.S.) 

Cu. Ft./Sec. 448.831 GPM 

GPM .002228 Cu. Ft./Sec. 

Head Feet (water) .4331 PSI 

PSI 2.309 Head Feet (water) 

Kilowatts 1.341 Horsepower 

Horsepower .7457 Kilowatts 



9.20 Recommended Torques for TI-600 Bolts 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
**Specific Installation Torques** 

 

 
Connecting Rod Cap Nuts: Install 5/8”-11 castellated nuts using Loctite® Threadlocker Blue and torque to 150 

ft-lbs of torque. 

 
Crosshead Slide Bolts: Install 5/8”-11 bolts using Loctite® Threadlocker Blue and torque to 50 ft-lbs of torque.. 

 

Fluid End Plungers: Install plungers using anti-seize compound and torque to 300 ft-lbs of torque. 

 

 

Note:  There is no specified torque for the Fluid End bolts.  The indicator in the face measures the preload on 

the bolt, torque as necessary to achieve proper readings.  MSI strongly recommends using DOW CORNING 

G-n Metal Assembly Paste as a lubricant.  Other lubricants will damage the bolt threads before required 

preload is achieved.  Each has a mechanical indicator in the face and should read between 90 and 95 on the 

dial.  Tighten as necessary, but do not exceed 95 on the dial.  If the indicator is not working return it to MSI 

for immediate replacement.   Note:  In order to achieve the necessary preload without damaging the bolt, use 

DOW CORNING G-n Metal Assembly Paste as a thread lubricant. 

TORQUE TABLE 

  Cap screws, nuts & bolts Alloy Steel Studs & Nuts 

  SAE GRADE 5 SAE GRADE 7 

Thread Dia & 

Thread Pitch 

Dry Threads 

Torque (ft*lbs) 

Lubricated Thrds. 

Torque (ft*lbs) 

Dry Threads 

Torque (ft*lbs) 

Lubricated 

Thrds. Torque 

(ft*lbs) 

1/4-20 UNC 6.7 5.1     

5/16-18 UNC 13.9 10.4     

3/8-16 UNC 24.7 16.5     

7/16-14 UNC 39.4 29.6     

1/2-13 UNC 60.3 45.2     

5/8-11 UNC 110 80     

3/4-10 UNC 212 159     

7/8-9 UNC 315 236 425 318 

1-8 UNC 472 354 635 477 

1-1/8- 7 UNC 633 475 900 675 

1-1/4- 7 UNC 900 675 1270 955 

1-3/8-8 UN     1660 1245 

1-5/8-8 UN       2300 

1-3/4-8 UN       2400 



9.30 Pump Tech Manual Revision History 

 

Revision Sections 

R                1.60, 2.00, 2.20 

Q 1.00, 1.60, 4.40-4.70, 4.150, 9.20 


