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SYSTEM SPECIFICATIONS 
 
 
 
 

Model Number:  Hammonds 4T-4A   
 
Description:  Portable, multi-additive injector 
 
Size:  31” wide X 45” long X 26” high 
 
Weight:  296 pounds 
 
Product Connections:  4” Cam-lock connections 
 
Additive Connections:  CI and SDA  -  3/8” tube fittings or ¼” female pipe threads 
     FSII  ¾” tube fitting or ¾” female pipe threads   
 
 Fuel Flow Operating Range:  40 - 600 GPM 
 
Injection Ratio Capacity:  CI and SDA    -   30 PPM 
         FSII   -   2100 PPM 
 
Duty Cycle:  Continuous 
 
Elastomers:     

•    Additive Injection Diaphragms are Teflon 
•    Mechanical Seal:  Ceramic on Carbon 
•    O-rings, static seals – Neoprene and Viton 
•    Injection Check Valves - Aflas 

 
Materials of Construction:   

• Fluid Motor:  Anodized aluminum 
• Motor Rotor:  Anodized aluminum 
• Motor Shaft:  Stainless Steel 
• Injectors:  All wetted parts stainless steel 
• Additive Manifolding:  All wetted parts stainless steel 

 
Operating Environment:  Out of Doors 
 
Operating Temperature Range:  -20°  F  to  +115° F 
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HOW THE SYSTEM WORKS 
 
 
 The 4T-4A is a fluid powered, multi-additive injection system.   The 4T-4A provides 
proportionate-to-flow additive injection by borrowing enough energy in the flowing jet fuel line to 
turn the fluid motor.  As fuel flow increases or decreases in volume, the fluid motor responds by 
turning faster or slower.   
 
 Since the all three injectors are directly linked to the fluid motor, they also increase and 
decrease in speed with the flow of fuel as it passes through the system and are therefore 
proportionate-to flow.  After the injectors are calibrated at a given fuel flow rate, they remain at 
the same injection ratio throughout the flow range of the system.  For example, if the injectors are 
calibrated to deliver a certain injection ratio at 300 gpm, the system will remain in calibration at 
any flow rate from 40 - 600 gpm. 
 
 The 4T-4A is both powered and controlled by the flow of fuel passing through the fluid 
motor.  No external power or a meter is required for operation.  The system is “passive”.  When 
fuel flow begins, injection begins.  When flow slows or stops, injection slows or stops 
proportionately, with no action required from the operator.  All that is required is fuel passing 
through the system and a supply of additives. 
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DESCRIPTION OF MAJOR COMPONENTS 
 

 
 

1. FLUID MOTOR:  The fluid motor borrows just enough energy from the flowing fuel to 
power the three additive injectors.   

2. SPEED REDUCER:  Since the CI and SDA additives are injected at a very low ratio, these 
two injectors operate at a much slower speed than the FSII injector.  The fluid motor speed is 
reduced by this reducer at a 9:1 ratio, making it possible to calibrate the CI and SDA injectors 
at a very low ratio. 

3. CI AND SDA INJECTORS:  These injectors share a common power frame with one fluid end 
dedicated to each additive.   Although mounted together in the same frame, each operates 
completely independent of the other.  Both pumps include a stroke adjustment and each a 
separate additive source.  Either injector may be turned  off  by  closing the additive valve or 
adjusting the stroke adjustment to zero. 

4. FSII INJECTOR:  Since FSII is injected at a high ratio (1000 - 2000 PPM or 1 - 2 gallons per 
1000 gallons of fuel) a high capacity injector is required.  The FSII injector uses two large 
pump heads that are connected together for combined output.  Although each pump head has 
a separate stroke adjustment and can be adjusted independently,  both are usually set about 
the same to keep the system balanced.  In an emergency, one of the heads operating at near 
full capacity could inject the required ratio of FSII with the other head stroke adjustment set 
to zero. 

5. PRIMING/PURGING VALVE:  Since systems arrive empty, and are often stored for long 
periods of time, a means to prime the system initially and to purge or clean the system out 
prior to storage is provided.  With fuel lines connected and flowing, the Prime/Purging valve  
takes fuel from the product line, under pressure and is used to feed all three injectors.  By 
opening the valve, the manifolding and fluid ends are filled almost instantly.  Prior to storage, 
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the system can be purged of all additive with the same procedure.  CI and SDA are 
particularly bad about drying in the pumps and lines, forming a thick, sticky residue that is 
very difficult to remove the next time the system is used.  If the system is not purged before 
storage, it would likely be necessary to completely disassemble the pumps and clean them 
prior to the next use. 

6. ADDITIVE ON/OFF VALVE:  This valve is used to interrupt the supply of additive between 
the additive tank and the injector.  It can be turned off at any time without harm to the pump.  
The units are transported and stored with all three of these valves in the closed position. 

7. SIGHT FLOW INDICATOR:  The Sight Flow Indicator serves a three-fold purpose.  First, it 
allows the operator to monitor the presence of additive in the system.  Second, it allows the 
operator to observe the exact amount of additive being injected into the system.  Unlike some 
flow indicators that move wheels or rattle balls, the Sight Flow Indicator shoots the additive 
up out of the tube as it is drawn into the injector.  Since every drop of additive that the 
injector pumps must pass through this indicator, this device provides proof positive that 
additive is moving into the system.  The operator can see the additive as it is being drawn into 
the pumps.  Finally, the Sight Flow Indicator has  a screen filter.  And since the walls of the 
indicator are glass, it is possible to observe the condition of the filter during operation and 
perform preventative maintenance when required. 

8. INJECTION POINT CHECK VALVES:  These valves are special valves with soft seat 
elastomers that prevent jet fuel from migrating back into the injectors  while allowing additive 
to be injected into the fuel.  There is a separate line check valve for each additive. (a total of 
three) 

9. INJECTOR STROKE ADJUSTMENTS:  The stroke adjustments allow the length of stroke 
of each pump fluid end to be adjustable throughout it’s range. 

10. THREE WAY CALIBRATION VALVES:  These three way valves are provided for each 
additive.  The valve has two positions; inject and calibrate. 
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PREPARATION FOR START-UP 
PRIMING THE SYSTEM 

 
 It is necessary to fill the additive lines, the Sight Flow Indicator and the pump fluid ends 
with additive prior to operation.  Although the injectors would eventually prime themselves, the 
process would take time and require running a large amount of product through the system and 
the pumps would be required to purge the air from the system. 
 
 There are two ways to prime the system.  The permanent built in priming system uses the 
pressure of jet fuel in the product line.  The accessory priming hose and bulb can be used to 
manually fill the system with additive if fuel flow is not available prior to operation. 
 
PRIMING WITH THE ON-BOARD PRIMING SYSTEM 
 
 After fuel has been connected to the system and pressurized, connect the additive lines to 
all three injectors.  First, be sure the valve between the additive tank and the Sight Flow Indicator 
is closed on each injector.  Next,  place the priming valve in the open position as shown while 
running fuel through the system.  Beginning with any one of the injectors, hold a graduated 
container under the calibration tube and turn the 3-way calibration valve to the Calibrate position.  
The pump will prime within a few seconds and begin discharging fuel from the tube.  Allow the 
pump to operate until there is an air-free stream of fuel being pumped from the calibration tube.  
Return the 3-way valve to the Inject  position.  Now, do the same with the other two injectors.  
 
 When all three injectors have been primed, turn the Priming valve to the closed position.  
The supply valves between the tanks and injectors can now be re-opened.    The injectors will 
quickly pick up the additive from the tanks.  The system is now ready for calibration. 

                                          
 
 The priming/purge system is connected to each of the additive injectors through the 
bottom of the Sight Flow Indicators.  To prevent additive from migrating into the priming 
manifold, a check valve is installed at each Sight Flow Indicator.  In the unlikely event that one of 
these valves would leak, the additive delivery system would not be affected since the main 
Priming/purge valve is always off during normal injection. 

                                
 
Priming/purge 
valve is shown 
in the open 
position.   

       CAUTION    
The priming/purge 
valve must be in 
the closed position 
during normal 
operation. 
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PRIMING WITH THE ACCESSORY PRIMING BULB AND HOSE 
 
 If  pressurized fuel is not available  during preparation or the system cannot be operated, 
the portable priming bulb and hose can be used to fill the system with additive.  Select the first 
injector to be primed and open the valve between the tank and the injector.  Note, there may be 
two valves.  One on the tank itself and one at the Sight Flow Indicator.  Be sure both are opened.   
 
 Slip the short end of the priming hose over the discharge tube below the 3-way valve of 
the pump to be primed.  Notice the arrow indicating flow on the priming bulb.  Be sure it is 
pointing to the direction from the tube.  Place the long end of the hose in a graduated container 
and slowly squeeze the priming bulb until fluid is discharged from the tube.   After additive begins 
discharging from the long end of the hose, continue to squeeze the bulb until there is no air 
remaining in the discharge.  Turn the 3-way valve to the inject position.  The pump is now primed 
.  Repeat this process for the other two injectors. 
 
Note:  The FSII injector may require considerable priming effort using this method since the 
pumps are very large and the line leading to the drum of additive is much larger and displaces 
considerable area.  If the drum is sitting on end vertically, it will be still harder to prime the 
system.  After the pump heads have been fully primed, they will remain primed even when the 
system is stopped intermittently  
 

                                         
 
THE IMPORTANCE OF PRIMING THE SYSTEM   
 
 All fluid pumps perform well only if supplied with adequate fluid.  Air is the single greatest 
enemy of  any pump.  If the system is not properly supplied with a solid, air free supply of fluid, 
the pump can become air locked and either perform poorly or not at all. 
 
 Remember, the CI and SDA pumps operate at very low output  (about 20 PPM).  The 
pumps have a maximum stroke length of only 3/16” and  discharge only drops of additive with 
each stroke.  If air is in the system, the pumps cannot perform properly and they are even less able 
to pull a suction from a distance.   A COMPLETE, AIR FREE PRIME TO THE INJECTORS 
WILL GUARANTEE THE BEST POSSIBLE PERFORMANCE.

Be sure the 
arrow on the 
bulb is pointing 
to the 
calibration 
bottle 

Slip the short 
end of the hose 
over the tube 
at least ½” to 
prevent 
vacuum leaks 
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CONNECTING THE ADDITIVE TANKS AND FSII DRUM 
 

 The 4T-4A must have a good supply of additive in order to perform properly.  This 
includes using proper tanks and making certain that the tank and injector are connected with leak 
free tubing of adequate size to carry the additive to the injector.  Remember:  pumps do not suck 
fluid, they push the fluid that is supplied to them.  Do not rely on the pumps to pull additive from 
long distances or up-hill.    Additive should be supplied on a gravity basis with the inlet of the 
injector always flooded.   
 Simply stated, the bottom of the additive supply should be at least as high as the inlet of 
the injector and preferably a little higher.  In the case of the CI and SDA tanks, supply is very 
important since the ratio is so small.  The tanks should be placed on top of the system as indicated 
for best results.   The FSII can be stood vertically or horizontally.  Ideally, the drum should be 
elevated as well. 
 
 
 
 
 

                                   
 
 
 
 
 
 
 
IMPORTANT RULES FOR CONNECTING ADDITIVE SUPPLIES 

• Make sure tanks are level with or above the injector inlet 
• All tubing must be 3/8” for CI and SDA and ¾” for FSII 
• Tube fittings must match those on the system 
• All connections must be air tight.  Remember, there is a vacuum on the suction side of 

each pump.  The connection can be leaking without visible additive leaks.  Vacuum 
leaks will cause erratic operation or failure. 

Watch your additive levels and do not allow the system to run dry.  If the system runs out of 
additive, re-priming will be necessary. 

55 gallon drum 
can be placed 
horizontally if 
appropriate 
vents are 
available 

Optional  drum 
siphon tube 
with integral 
Sight Flow 
Gauge and 
valve 

¾” flex line for 
FSII 

 
 
 
 
3/8” tubing for 
CI and SDA 

 

Optional 10 
gallon stainless 
additive tanks 
for CI and SDA 
includes valve 
and tube fitting 

                      CAUTION 
Be sure all tube fittings match those on 
the system and are tight to provide a 
leak free connection 
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CALIBRATING THE SYSTEM 
Refer to Illustration on Opposite Page 

 
1. Place the unit on level ground 
2. Connect the three (3) additive supplies to the system (see “Connecting the Additive 

Tanks and FSII Drum”)    
                  
 
 
 
 

3.  Be sure injectors are primed (see “Priming The System”) 
4.  Turn supply valves  #6, #7, #8 to the OFF position. 
5.  Connect the fuel supply hose to the injector inlet #1 and fuel outlet hose to the injector 

outlet #2. 
6.  Start the fuel flow.  Calibration flow should be a minimum of 150 GPM  
7.  Turn the supply valves #6, #7, & #8 to the ON position. 
8.  With the system operating, check sight flow indicators #9, #10,  and #11 for steady 

flow through the vertical tubes. 
9.  Check the vents on all three additive tanks/drum and be sure they are open 

      
            CALIBRATION 

 
10. Choose one of the additives to be calibrated.  Check the recommend add rates and 

determine the amount of additive that should be injected for a given amount of fuel.  
Since the add rate for FSII is large, use 100 - 200 gallons as a test.  For CI or SDA, a 
500 gallon test is easier to measure. 

to the additive to be calibrated ON, with the others in OFF. 
11. Open the valve to the additive being calibrated.  Close the others. 
12. Turn the calibration valve to the additive being tested to the calibrate position. 
13. Hold a graduated container under the appropriate calibration output tube (12, 13, or 

14).  Start the unit and pump the desired amount of fuel through the system while 
catching the amount of additive delivered in the bottle. 

14. Compare the quantity collected in the  bottle to the calculated amount.  Adjust the 
appropriate injector stroke adjustment to increase or decrease the output depending on 
the result.  Repeat the test until the exact amount is delivered.  Repeat this same 
procedure with all three additives, making certain to lock the adjustments securely with 
the lock screws located below each of the stroke adjustment knobs. 

  
NOTE:  These calibration procedures measure the amount of additive being discharged from the 
system under no discharge pressure since the additive is discharged into an open container at 
atmospheric pressure.  Because the system actually pumps under some pressure higher than 
atmospheric (usually between 15 - 50 psi),  there will be some difference between the collected 
amount of additive and that injected under pressure.    

                          CAUTION 
    Be careful not to get dirt in the hoses or 
                     hose connections. 
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This difference should be taken into consideration.   Since this difference will change depending 
on varying pressures and flow conditions, it is impossible to provide specific tables.    FSII 
injection can be verified through the use of  refractometer tests.     SDA levels can be verified with 
a conductivity meter.  There is currently no field test for determining CI levels, so volumetric 
comparison of fuel handled vs. additive consumed is the best double check for this additive. 
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NORMAL OPERATION 
 
 Following initial start-up and calibration, the system requires very little attention other 
than making certain that additive tank levels are maintained.  Operators will  quickly become 
accustomed to the performance of the system by observing the Suction Sight Flow Indicators.   
On-spec injection will cause a certain response in the indicators, and with some practice, 
operators will be able to observe the system and qualify performance at a glance.    This does not 
mean that  system calibration should not be periodically checked!  However, during a busy work 
load, these visual checks will provide assurance to the operator that the system is functioning. 
 
 Assuming the system remains set up and operating at least intermittently, calibration is 
required perhaps every 1 - 3 months.   Good record keeping of additive inventory and use levels 
compared to fuel handled can give a good indication that additive is on specification.  Tests such 
as the refractometer for FSII content should be the final test to verify additive injection ratios. 
 
 See the section on preventative maintenance for suggestions as to regular maintenance. 
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SHUTDOWN AND PREPARATION FOR STORAGE 
 

 ANY additive left in the system for prolonged periods of storage will solidify and cause 
the unit to fail.  Therefore, for any period of extended storage, be certain the system is completely 
purged of all additive.  Using the Prime/Purge valve, it takes only a few minutes to completely 
clean the system for storage.  Follow these directions carefully. 
 
1. Turn off  the additive supply valves # 6, # 7, and # 8. 
2. If the unit is going to be inoperative for more than one week in normal summer time 

temperatures, or for more than 72 hours in temperatures less than freezing, the injectors 
should be purged of all additive with jet fuel.  This is accomplished by closing the supply 
valves # 6, # 7, and # 8 and opening the priming valve # 18 for 30 seconds while the system is 
operating.  After 30 seconds, turn off the fuel flow and turn off the priming valve # 18. 

3. Disconnect additive supply lines from additive tanks and store the lines. 
4. Make certain calibration valves # 3, # 4, and # 5 are in the inject position. 
5. Disconnect inlet and outlet fuel hoses and tip unit up first on one end  and then the other to 

drain trapped fuel from the fluid motor.  Use a container to catch the trapped fuel drained 
from the system. 

6. Replace the dust covers. 
7. If possible, dispose of additive remaining in additive tanks and close tank vents. 
8. Replace covers and re-install safety latch pins.  Unit is ready for transport and or storage. 
 
 

CAUTION 
 

FAILURE TO FOLLOW THESE PROCEDURES MAY MAKE THE SYSTEM IN-
OPERATIVE DURING THE NEXT USE.  A SYSTEM STORED WITH ADDITIVE 

REMAINING IN THE INJECTORS WILL REQUIRE HOURS OF DISASSEMBLY AND 
CLEANING PRIOR TO USE AND COULD JEOPARDIZE THE SAFETY AND 

SUCCESS OF YOUR MISSION. 
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TROUBLE SHOOTING THE SYSTEM 
 
SYSTEM WILL NOT TURN 

•   Fuel hoses have been connected incorrectly making fuel pass through the                                          
                system in the wrong direction. 

                                                                             
• A fuel hose is kinked upstream or downstream of the system 
• A valve up-stream or downstream of the system is partially or fully closed 
• A line check valve is installed in the wrong direction upstream or downstream of the 

injector.  Sometimes, check valves are left in a hose system accidentally that were 
there for other reasons in a previous exercise.  Be sure none exist.   

• A pressure control valve at some point in the fuel system is set too low and not 
providing the flow / and or pressure to power the injector.  Some systems have 
pressure control systems built in to prevent over-pressurizing an aircraft.  These may 
be set too low for normal fuel transfer operations. 

• Somehow, the fuel hose has been connected to the suction rather than the discharge 
side of the main fuel delivery pump.  It’s easy to do, some field operations may have 
several hoses routed from place to place.  Check each end of every hose and be sure it 
is connected to the correct outlet. 

• A rag, glove or other foreign object is jamming the injector.  Check the inlet side first 
and using your hand, see if the fluid motor will rotate freely.  It is somewhat difficult 
to turn, but it can be done. 

• Check the pumping system thoroughly.  There can be many reasons that a pump is not 
delivering the appropriate flow such as loss of prime, pressure controls not set 
properly, or relief valves not adjusted allowing flow to by-pass the system when under 
pressure. 

 
SYSTEM TURNS BUT WILL NOT PICK UP ADDITIVE 
 

• Check additive level in tank.  If a drum is being stood on end, the siphon tube may not 
reach the bottom of the drum.  Some additive may remain but be below the suction 
tube, starving the injector. 

• Make sure all valves are opened.  Check valves on the tanks and the suction discharge 
valve. 
There is a suction leak in the hose connections between the injector and tanks.  The 
fittings on the Hammonds 4T-4A are all stainless steel.  They form a 

Note flow 
arrow cast in 
top of motor 
casting, fuel 
flow must be in 
same direction 
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metal-to-metal seal and therefore must be very tight.  Be sure to use a backup wrench 
and check each fitting for tightness.  Remove the hose from  
the connections and be certain that the hose extends about 3/16” 
past the end of the collet.  If the hose is only even with the collet, it will  
leak.  The hose should extend about ¼” beyond the collet.    Use proper  
fitting tightening procedures illustrated below.  
 

 
 

• The tank vent is closed causing a vacuum in the tank.  Open vent on tanks.  FSII drum 
must be vented also. 
 

                                                       
 

• A Suction Sight Flow Indicator is leaking around the seals.  Remove the cap and 
check the large o-rings on top of  the clear glass.  Use a small amount of grease or oil 
to coat each o-ring, replace the glass and hand tighten the cap. 
 

                                                       
 

• Check the screen located in the Suction Sight Flow Gauges for foreign material.  If 
needed, remove the cap, glass and clean the screen 

 
 
Be sure vent 
on top of fill 
cap is open. 

Always use two wrenches to back 
up both parts of the fitting.  It is 
important not to disturb the 
threaded portion of fittings when 
loosening or tightening tube 
fittings.   
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• A pump has been stored with additive in the system and dried the check valves in the 
open position.  Try to purge the system by closing all three additive supply valves, 
then open the Priming/Purge valve and allow the system to operate for a few 
moments.  The fuel should clear the clogged valve.  Turn the Priming/Purge valve OFF  
and turn the supply valves back ON.  Observe the performance. 

• A check valve has been fouled with a piece of Teflon tape or other trash. This is 
usually on the suction side of the pump (the valve on the bottom of the fluid end).  As 
a last resort, remove the valve and check for fowling.  Be sure and re-seal the pipe 
fittings with tape and pipe dope if all possible. 

 

                                                    
 

• A diaphragm is broken.   An old worn diaphragm can begin to loose efficiency before 
it fails completely and begins to leak.  First, the fastener in the diaphragm pulls free of 
the diaphragm.  This causes the pump to operate partially on the pressure stroke, but 
not on the suction stroke, which enables the pump to receive fluid.  Performance is 
reduced by about 50% and the pump will refuse to pull additive into the fluid end fully.    
If the problem pump is either CI or SDA, check the appropriate diaphragm.  If it is the 
FSII system, first turn the stroke down on one side, then the other and in this way 
determine which fluid end is causing the greatest amount of loss in performance.  In 
the case of the FSII injector, if one diaphragm is faulty, chances are, both should be 
replaced, even if the remaining one seems ok.  They each have the same amount of 
wear since new.  Be sure to follow the instructions on replacing the diaphragms 
carefully found in the maintenance and repair section. 

 
 
Check suction 
check valves 
first 

Discharge 
check valves 
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• The additive supply hose has a pin hole leak that is not visible.  Since there is a 
vacuum present on the suction side of the injectors, it is possible to have a leak in the 
hose without seeing a visible leak.  These leaks are very hard to detect,  and will only 
leak when the unit is not operating.  A leaking hose may only show up as a dampness 
on the hose exterior.   Ultra violet, temperature and abrasion are hard on additive 
hoses.   

• Check stroke adjustments and make sure the locking screw has not vibrated loose and 
allowed the adjustment to move.  If  the stroke adjustment cam is not securely locked 
in place, it will have a tendency to move back to “O” on it’s own.  Check the  stroke 
adjustments to sure they have not vibrated loose during shipment or from the previous 
use. 

 

                                                           
 
INJECTORS ARE PRIMED, SYSTEM IS TURNING BUT INJECTION IS EITHER LOW 
OR ERRATIC 
 

• Check additive levels 
• Check connections including tube fittings on each end of each additive hose 
• Check vent on tanks, must be open 
• Check screen in Suction Sight Flow Indicators 
• Be sure all valves in additive line are fully open 
• Make sure stroke adjustments have not slipped 
• Check the diaphragm.  A diaphragm may not be leaking but still need replacement. 
• Check the check valves, particularly the suction valves on the bottom of each  fluid 

end in question for trash or sludge from previous dried additive left in the system. 
• Check the performance ratio of fluid motor.  The fluid motor will rotate .4 revolutions 

for every gallon of fuel that passes through the system.  Establish a flow rate in GPM, 
remove the FSII pump stroke adjustment covers,  and count the revolutions for 30 - 
60 seconds.  Example:  400 GPM X .4 = 160 rpm.  If the counted rpm is off more than 
20%, the fluid motor may have 

Check for 
leaks between 
pump power 
frame and 
fluid end 

The CI & SDA pumps use thumb 
screws for locking the stroke 
adjustment, while the FSII has allen 
sets.  CAUTION  do not over-tighten 
the allen head set screws, as doing 
so will damage or break the cam. 
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excessive wear internally and need vane replacement.  Note:  Do not count the output 
shaft rotations on the CI and SDA pumps.  This shaft exits a 9:1 reduction.  The FSII 
pump operates at direct 1:1 motor speed. 

• Check stroke adjustment knobs on the injectors when the system is running.  If the 
screws that secure the various power frame parts have worked loose, the stroke 
adjustment cam and knob will move about.  Remove the knob, cover and check the 
fasteners.  See exploded view of the system in the maintenance section. 

• CI and SDA additives may be too thick due to low temperature and out-of-ratio 
blending.  In most cases, neat (concentrated) CI and SDA are blended with jet fuel at 
ratios of 19:1.  This enables the ratio to be injected at 20 ppm rather than 1 or 2 ppm.  
The higher ratio is much easier to calibrate and measure under field conditions.  If this 
“cocktail” is not mixed properly, or if the additive has been exposed to atmosphere for 
long periods of time, the viscosity  (thickness) of the additive may have increased 
making it difficult to pump.   

• Temperature is too low causing the additive to be hard to feed.  If the additive cannot 
be warmed for thinning, it may be necessary to increase the stroke during the colder 
temperatures. 

• Remember: 99% of all pump problems occur because of suction problems. 
 

THE INJECTOR IS RUNNING SLOW EVEN WITH HIGH FUEL FLOW RATES  
  

• Vanes may be excessively worn.  See previous section on checking motor ratio. 
• Check the system flow rate.  The system does not reach optimum efficiency until the 

rate exceeds 40 gpm.  Be sure the pump system is delivering the proper volume of 
fuel.  Since fuel handling is most often associated with equipment that generate high 
noise levels, you cannot depend on the sound of the injector to indicate fuel flow rate. 

 
THE INJECTOR WILL NOT FLOW AT ALL AND APPEARS TO BE LOCKED UP 
 

• The motor has thrown one or more of the vanes.  Remove the FSII side cover plate 
and inspect the vanes. 

• Check the inlet for foreign objects such as rags or gloves.   
 
THE INJECTOR HAS BEEN DISASSEMBLED AND RE-ASSEMBLED BUT NOW WILL 
NOT TURN AT ALL REGARDLESS OF FUEL FLOW RATES. 
 

• The rotor has been installed backwards allowing flow to pass around the rotor and 
vanes without causing rotation.  See the illustration below.  If necessary, remove the 
rotor, and orient the vanes correctly. 
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Illustration shows FSII pump and side plate removed, exposing  fluid motor internals and 
configuration of rotor and vanes. 
 

                                       
 
 

• The hoses have been connected incorrectly.  The system will operate with fuel passing 
through the system in one direction only.  See the arrow molded into the top of the 
fluid motor housing.  Reverse hoses if necessary. 

 

                                                             
 

..........................a few tips to remember 
• Pumps do not suck fluid, they push the fluid.  Additive must be supplied to the pump.  

This is called providing a flooded suction.  Although the injectors can be forced to lift, 
they work best when flooded with a supply of additive.   

• 99% of all pump problems result from problems on the suction side of the system.  
That is, within those components between the additive tank and the injector, and that 
includes the tank.  Leaks, obstructions, anything that can restrict the free flow of 
additive to the system will effect how the system works. 

• The 4T-4A is powered by fuel.  Without fuel flow, there is no injection.   There can be 
many components in the system before and after the 4T-4A that can effect the flow of 
fuel.  Be sure you have adequate flow to the system before deciding that something is 
wrong. 

• Take a few minutes to study and understand how the system works.   
 
 

The operator’s 
hand indicates 
direction of 
flow, turning 
the unit counter 
clockwise 

See arrow cast 
into top of 
housing.  Fuel 
must flow in 
same direction 
as arrow 

Notice how 
vanes fall 
against 
housing to 
block fuel flow 
thus turn-ing 

 



 20  

PREVENTATIVE MAINTENANCE 
 

FLUID MOTOR 
 

• Be sure the motor inlet and outlets are kept closed to dust and dirt 
• Check seal vent holes in each side of the fluid motor as illustrated below for any signs 

of jet fuel.  There is a mechanical seal on each end of the motor shaft.  If this seal 
begins to leak, fuel will leak from these holes.  Mechanical seals will not normally fail 
suddenly, but begin to weep slowly, with the leak gradually getting worse over a 
period of time. 

 
 

                                                                      
  

• The internal fluid motor and seals require no preventative maintenance unless the 
system shows signs of not performing properly or leaking.  Providing the system is not 
operated at flow rates above 600 gpm, and foreign material such as dirt or sand has 
not been allowed into the system,  the main drive vanes in the fluid motor will last for 
hundreds of hours of trouble free operation.  A gradual reduction in motor 
performance will occur with age, but can be compensated for by increasing injection 
pump settings.  It is suggested that major maintenance on the fluid motor be done only 
when a fuel leak is present or if the injectors cannot be calibrated to specification. 

 
INJECTOR GEAR REDUCER 
 

• The CI and SDA injectors are driven through a 9:1 ratio gear reducer.  The gears in 
the reducer are packed at the factory with grease.  Additional grease can be added 
with a conventional grease gun on the zerk as indicated below.  Grease this fitting after 
every 100 hours of operation.  Inject grease until excess exits the hole next to the zerk 
fitting.  Wipe off excess so that dirt will not be attracted.   See following illustration 
showing CI and SDA side of system.

Check drain 
hole in bottom 
of rounded 
housing for 
signs of fuel 
leakage 
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INJECTOR MAINTENANCE 
 

• Grease the area around the drive bearing on both pumps with waterproof grease as 
indicated.  Fill the cavity between the round bearing and cross head as well as the area 
between the cross head and pump power frame  If grease appears to be contaminated 
with dirt or sand, the area should be flushed with solvent and fresh, clean grease 
applied.  Check this area every 50 hours or as needed depending on the operating 
environment. 

 

                                               
 

• The life of diaphragms vary with application.  CI and SDA diaphragms can last for 
millions of gallons of fuel since they operate very slowly and at a very short percentage 
of stroke.  The FSII pumps may however, need replacement sooner.  Diaphragms used 
every day on an intermittent basis typically last from one to two years.  Spare 
diaphragms should be on hand during extended deployment (over 6 months) or under 
severe operating conditions (over 6 hours per day).  It is a good policy to replace all 
diaphragms following an exercise, assuring that the system will be fresh following 
storage for the next deployment. For equipment that is used daily in a simi-perminent 
operation, it is suggested diaphragms be replaced every 12 months as regular 
maintenance. 

 
• The internal parts of the injectors will typically last for many years.  The CI and SDA 

pumps use aluminum parts, while the FSII pump uses all stainless steel components.  
Keep these parts greased and all fasteners tight.   

• Check valves (two on each pump) will normally perform for hundreds of hours if kept 
clean and free of trash.  The must perform properly in order to maintain consistent 
injection ratios.  No regular maintenance is required if the system is 

Use a 
conventional 
grease gun 
with chassis 
grease every 
100 hours 

Inject grease 
until excess 
exits the hole 
next to the zerk 
fitting.  Wipe 
away access 

Fill area 
around bearing 
with water 
proof grease 

Fill area 
between cross 
head and 
pump power 
frame with 
grease. 
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performing satisfactorily.  When performance is in question and valves are  suspect, 
they should disassembled, cleaned thoroughly.  Be certain to replace all parts as they 
were disassembled.  It is absolutely necessary to install the valve with the arrow 
stamped on the side of the valve pointing in the direction of additive flow.  
Installing the valve backwards will prevent the pump from operating. 

 

                                                   
• The drive bearing located in the center of each injector pump is permanently lubricated 

and sealed.  Again, depending on severity of service with respect to fuel flow rate and 
line pressure, these bearings will function for several years under daily use.  Inspect the 
bearing by adjusting the stroke adjustment on each fluid end to zero.  This will remove 
pressure contact from the bearing and allow the operator to feel the amount of “play” 
in the outer surface of the bearing.    CAUTION  Do not attempt to check the bearing 
when the system is operating.  Doing so will mash your finger as the bearing 
rotates within the pump power frame. 

 
• Check and clean the screens in the Suction Sight Flow Indicators.  These screens 

should be visually inspected daily and cleaned as necessary. 
  

                                  
  
• Inspect all connections and tube fittings between tank and system.  Inspect all pipe and 

tube fittings on injector for leaks.  Remember:  a leak on the suction side of the system 
(between the injector and tank) will cause problems. 

 

................a few maintenance tips to remember 
 
• It is never convenient to repair an un-expected failure.  Scheduled maintenance is 

faster, easier and cheaper to perform.   
• This is a fluid handling system-------keep all the fluid connections tight. 

Discharge 
check valve 
with arrow 
always pointing 
up.  ⇑ 

 
 
Suction check 
valve with 
arrow always 
pointing up  ⇑ 

Inspect daily 
and clean as 
necessary.  
Careful not to 
over-tighten 
cap 
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ASSEMBLY AND DISASSEMBLY INSTRUCTIONS 
 
PUMPS -  DISASSEMBLY 
 
 The following instructions detail the dis-assembly and re-assembly of a complete system.    
Steps 1 - 4  detail the removal of  the CI and SDA injectors.  Beginning with Step 5, the FSII 
removal is detailed.   To service the internals of either injector, review the section titled, “MAJOR 
INTERNAL PUMP SERVICE” that follows this section of the maintenance instructions. 
 
 
Step 1   Disconnect the tubing on suction and discharge side of injector 

  
STEP 2   Remove the adjustment locking screws and power frame cover 

  
STEP 3   Remove the fluid end screws and fluid end  

  
STEP 4   Refer to exploded view drawing below illustrating the  CI and SDA       
      pump internal parts.   Go to step 5 for instructions on disassembly of                          
                the large dual fluid end FSII injector. 
 
 
 
 
 
 
 

Be sure to use 
a backup 
wrench on all 
fittings.  Do not 
loosen valve in 
fluid end. 

Mark your 
settings on the 
cover before 
removing 
knobs and 
cover 

Use special 
instructions for 
removal and 
replacement of 
diaphragms 
later in manual 
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Step 5   Loosen tube fittings on suction and discharge on one side only. 

  
Step 6  For diaphragm service only, remove head screws 

  
Step 7   Remove entire fluid end assembly 

 
Step 8   Remove the diaphragm by rotating counter-clockwise. 

           
Step 9   Remove the diaphragm and inspect for wear or delamination of the  
              thin Teflon layer and rubber backing. 

  
 
 
 
 

Be sure to 
back up all 
fittings with 
second 
wrench.  Do 
not loosen 

Remove head screws and head only 
if diaphragm service is required, 
otherwise it is not necessary to 
remove the head in order to remove 
the pump.  Follow procedures in 
diaphragm service procedures 
carefully. 

                         Service Tip 
Removing the diaphragm is easier if the 
stroke adjustment  is first adjusted to zero.  
This extends the diaphragm so that it is 
easier to grasp.  Be sure and mark the 
position on the dial before disturbing the 
setting.  Loosen screw before moving cam. 

Check diaphragm for evidence of 
leakage, deterioration or distortion 
around outer edge.  FSII will quickly 
dissolve the backing material.  Also 
check tightness of fastener.  Long 
service will sometimes pull the fastener 
out of the diaphragm. 
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Step 10   Loosen set screws in adjustment knobs and remove knobs and cover. 

  
Step 11   Remove the four screws holding the power frame to the fluid motor. 

  
 
Step 12   Remove the snap ring retaining the eccentric drive bearing. 

  
Step 13    Remove the entire pump power frame. 

  
Step 14   Remove the bearing, bearing spacer and pump mounting block 

  
 
 
 

The CI & SDA adjustment 
knobs do not have set screws.  
They simply slip off.  Use a 
small screw driver to pry the 
knobs off.   The FSII knobs 
are secured with a small allen 
set screw. 

             SERVICE TIP 
The eccentric drive bearing will 
sometimes slip off the shaft 
when the pump is removed.  
Since it must be removed later, 
removing the snap ring may 
make pump removal easier. 

Since the bearing is mounted 
off-center on the shaft, it will be 
necessary to move the pump 
power frame slightly in a circle 
to locate the center of the hole 
in the rear of the housing. 

Do not force 
the power 
frame, the 
clearance is 
very close 
between parts. 

     
   CAUTION 
Additive may be 
trapped in the 
manifolding. 

              SERVICE TIP 
It is a good idea to lay these 
parts out in order as they are 
removed.  Re-assembly can go 
much faster if you are sure of the 
order in which the system was 
disassembled. 
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Step 15   Remove the snap ring and flat spacer washer 

  
Step 16   Remove the side plate bolts 

  
Step 17   CAREFULLY remove the side plate.  Try not to drag plate on shaft. 

  
Step 18  Examine the vane position and how they lay against the housing. 

  
Step 19   Check each vane for freedom to fall against the housing.  Check for  
      excessive wear in the vane socket.  If it appears that the vane could  
                be pulled out of the socket, it should be replaced.  Normally, vanes are  
                replaced by the set, not individually and performance would be rough 
       with one new vane and five worn ones remaining. 

                     
 

Remove bolts 
in a cris-cross 
pattern in order 
to reduce un-
even stress on 
the side plate. 

Support the side 
plate evenly with 
both hands.  Note 
the alignment pin at 
the top of the 
housing. 

Notice the 
discharge vent 
in the housing 
in relationship 
to the vanes. 

It is normal to see some wear in the center of 
the vane in the same position as the discharge 
vent of the housing.   Vanes with considerable 
wear can be calibrated to perform at higher flow 
rates, but may not hold ratio at the lower flows.  
For some applications, this may be acceptable. 

Use the correct 
size of snap 
ring pliers.  
Pliers that are 
too small can 
distort the ring. 
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Step 20   CAREFULLY remove the seal bellows and carbon seal face. 

  
Step 21   Remove the brass wear ring. 

  
Step 22   Remove and inspect the rotor.  Check for wear, breakage or looseness       
of vanes in their sockets.  Check for wear of the anodized coating  
                especially on each end.  Worn coating indicates unlevel operation and  
                or a worn brass wear ring in each end of the rotor recess. 

  
Step 23   Examine both the shaft and housing.  

  
 
RE-ASSEMBLY OF THE FLUID MOTOR 
 
 From this point, the instructions will guide you through re-assembly.  Follow each step 
carefully, paying particular attention to direction of flow and details of the mechanical seal. 
 
 
 

Try not to touch the 
face of the carbon 
rotating member DO 
NOT DROP THE 
CARBON SEAL. 

There is a wear 
ring in each 
end of the 
rotor.  Careful 
not to drop the 
other ring. 

Use both 
hands to 
remove the 
rotor.  The 
rotor weighs 28 
pounds.  Be 

 

                  CAUTION 
The rotor has very thin vane     
sockets that bend and or break.     
easily.  Be very careful when  
sitting the rotor down not to 
damage these fragile ears. 

Examine the housing carefully for scratches.  
Check the end plates also.  The system will 
operate with some scratches in these 
surfaces, however, they may increase the 
wear rate of the vanes and reduce efficiency 
in the lower flow ranges of the system. 
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Step 24  In preparation for re-assembly, be sure the two (2) drive keys are in  
              place on the shaft.  There is one on each end of the rotor shaft. 

  
Step 25   Install the wear ring in the rear end of the rotor.  To re-install the rotor,   
      align the rear end of the rotor with the front drive key and gently slide 
      the rotor all the way onto the shaft.  Check the position of the visible  
                drive key and re-install the remaining wear ring.  Place a light film of 
                grease on both sides of each wear ring before re-installing. 

  
Step 26  Re-install the vanes. 

  
Step 27   To re-install the mechanical seal, first examine the parts and under- 
 stand the function of each part.  Mechanical seals are very delicate.  Be  
           sure your hands are clean and you have a clean work area.  
 
 
 
 
 
 

                                 

Be sure the key is in 
place and the rotor 
is all the way in.  
Check the proper 
direction of flow 

Be certain that both drive keys are fully 
pressed into their groove to accept rotor.  A 
key that is raised only a few thousands of an 
inch or one that has burrs will make re-
installation of the rotor difficult if not 
impossible. 

            CAUTION 
Be absolutely sure that the 
rear brass wear ring has 
been installed and the 
direction of flow is correct.  
If the rotor is in backwards, 
it will not turn under flow. 

Make certain the rotor and vanes are 
installed as shown to trap the flow of fluid.  
Be absolutely sure the rotor is correct as 
indicated.  If installed backwards, fuel will 
simply close the vanes and not turn the 
rotor.  Match flow with arrow on housing. 

 
Stationary 
member o-ring 
seal 

 
Rotating 
carbon seal 
face 

 
 
        Stationary 
ceramic seal      

Stainless 
retainer with 
elastomeric 
bellows inside 
to seal around 
shaft  

 
Stainless steel 
seal spring 

 
 
Stainless steel 
spring retaining 
washer 
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Note:  Follow the next few steps to the letter.  One piece of dirt or the smallest 
scratch can cause the seal to leak.  Remember, there are two of these seals, one at 
each end of the main motor shaft located in each side plate. 
 
Step 28  Apply a thin film of motor oil to the fluid motor shaft. 

  
Step 29  Install the Stainless steel waster, spring and bellows housing only, 
              do not install the rotating carbon seal yet.  Place it on a clean cloth  
    for installation in the next step.  Use both hands to slide the assembly on 
              to the shaft all the way up next to the rotor. 

  
Step 30  Install the rotating carbon seal with small side out. 

  

Use your 
fingers to 
distribute the 
oil around the 
entire exterior 
of the shaft. 

Install the pieces in this 
order...First the  washer so 
that the lip retains the 
spring, then the spring, 
and finally the bellows 
housing  without the 

 

Now install the rotating carbon seal into the 
stainless bellows housing with the narrow or small 
surface facing out.  CAUTION  Try not to touch the 
face of the seal.  The seal should fit recessed into 
the housing with the small indentions matching 
those dimples in the housing.  If these do not 
match, and the seal is all the way into the housing, 
the seal will not only leak, but will be broken as 
soon as the side plate is re-installed.   See figure 
at the top of the next page. 
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Step 31   In preparation for installing the new ceramic seal in the motor side 
      plate, remove the old ceramic seal out of the side plate pushing it 
                out from the opposite side.  The bearing will have to be removed 
                first.  You may be able to remove the bearing be simply using your 
                finger through the bore of the bearing, carefully pulling it clear of the  
               housing.  Otherwise, use a non-metallic object to reach through the 
               center of the seal on the opposite side and push the bearing clear of 
               the housing.      Now apply a film of oil to the external o-ring seal of the  
               stationary ceramic seal. Careful not to get oil on the seal face. 

  
Step 32   Now gently lay the ceramic seal, shiny face up in the bore of the side 
      plate, and lay the round cardboard protector shipped in the seal from 
                the factory on the seal face.  Using both thumbs, gently push the seal 
                into place.  Use even force, and rotate the force being sure it is all 
                the way into the bore. 

  
Step 33   Re-install the o-ring in the housing face using a film of light grease 
                to hold the o-ring in the groove. 
Step 34   Re-install the side plate, installing the bolts and tightening in a cross  
      pattern.  Remember, a leak free seal does not depend on tightness as  

Also apply a film of oil to the bore where 
the seal will be installed in the motor side 
plate.   The oil will make insertion of the 
delicate ceramic seal easier.  Install the 
shiny side facing up or to the inside of the 
housing just as the seal was packed from 
the factory. 

Using a clean, lint free 
cloth, wipe the surface of 
the ceramic seal, and 
examine the surface for any 
dirt or foreign material. 

Be sure the 
small dimples 
match the 
indentions in 
the carbon seal 
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     the o-ring is compressed when the side plate and the housing are  
      mated face-to-face.  Just snug the bolts until the lockwashers are  
      compressed flat. 
Step 35   Install the wave spring washer in the side plate bore. 

  
 
Step 36  Install the bearing. 

 
Step 37   Install the flat spacer washer and then the snap ring. 

  
Step 37  Complete the re-assembly by installing the pump mounting block, the  
     pump and re-connecting all the fittings.  Refer to the disassembly  
               steps at the beginning of this section. 
 
 
SO WHAT ABOUT THE OTHER SIDE PLATE, SEAL AND PUMP? 
 
 We have used the FSII side of the system to demonstrate the procedure.  It 
could have been done from the other side.  We suggest that only one side be 
disassembled at a time.  If a seal is leaking, disassemble the side with the leak.  Leave 
the other side in place.  As you can see, the entire procedure can be performed from 
one side.  It makes for a much easier re-assembly if the shaft and related parts are 
supported. 
 
 

CAUTION - READ THIS FIRST BEFORE INSTALLING 
THE BEARING.  Using very gentle, even force, to install 
the bearing.  It will be necessary to pick up on the shaft 
somewhat since the weight of the rotor causes some 
deflection.  Be careful not to attempt to push the bearing in 
one forceful push, this will cock the bearing and prevent 
any movement at all.   Use very, very light touches all 
around the bearing at two points on opposite sides. 

The wave washer is used 
on each end of the motor 
shaft to place tension on 
the shaft, and center the 
entire assembly between 
the two side plates.  It is 
a very important part.  
Do not forget to install it. 

 
Don’t forget the 
flat spacer 
washer! 
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MAJOR INTERNAL PUMP SERVICE 
 

PUMPS - REASSEMBLE   (applies to either CI and SDA or FSII pumps) 
Refer to this exploded view of the various internal parts of the pump.  The power frame 
is the same for both the CI/SDA pump and the FSII pump.  The larger FSII fluid ends 
and adapters are illustrated at the end of this section.  Refer to the assembly drawings 
and parts lists to determine part numbers. 
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 The following instructions detail the re-assembly of a basic power frame with internals.   It 
is assumed that the exploded views provide sufficient instructions for disassembly. 
 
 
Step 1  Install the crosshead guide.                                          CAUTION 

  
Step 2   Install the plastic guides on each side of cross head.  

  
Step 3  Apply grease liberally under the cross head and on  each side and inside  
   the walls of the crosshead guide, then place two springs in the holes on  
   the end of the cross head.  Install the guide into the cross head, with  

  square boss on top and threaded nose pointing through the hole in                               
   the power frame. 

  
Step 4   Install the cross head guide over the cam and install 4 screws. 

  
 
Refer to the exploded views that follow for both CI/SDA and FSII injectors.  They demonstrate 
the application of both small (for CI and SDA) and large (for FSII) fluid ends. 

Install crosshead 
guide using 4 
special screws with 
“spot lock” to hold 
screws tight. 

On CI and SDA pumps, tighten 
snug.  Do not over-tighten.  On 
all stainless steel FSII pump 
internals, tighten crosshead 
screws to 50 inch pounds.  Use a 
torque wrench on the FSII parts 
if at all possible. 

Apply a small amount of grease 
on both sides of the plastic wear 
strip.  The grease not only 
lubricates the wear strips, but 
acts as a cushion between the 
strip and crosshead. 

 
Use your thumb and 
forefinger to 
compress the return 
springs as you install 
the cam 

Install special 
screws with 
lock patch on 
each screw.  
Tighten snugly. 
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