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Preface ___________________________________________________________________ i 

THIS VOLUME of CDC A2T351, Firefighting and Refueling Vehicle and Equipment, focuses on the 
Kovatch R–11 refueling truck, and refueling support equipment. The Kovatch model is the most 
common model found in the Air Force fleet. 
Unit 1 covers refueling maintenance specialized safety concerns and ground reels. 
Unit 2 covers the Kovatch R–11 chassis, including the air and electrical systems, as well as the power 
takeoff system. 
Unit 3 covers the Kovatch R–11 dispensing system, maintenance of the fuel meter, and fuel hose 
maintenance. 
Unit 4 covers fuels support equipment (FSE) and fuels operational readiness capability equipment 
(FORCE). 
A glossary is included for your use. 

Code numbers on figures are for preparing agency identification only. 

The use of a name of any specific manufacturer, commercial product, commodity, or service in this 
publication does not imply endorsement by the Air Force. 

To get a response to your questions concerning subject matter in this course, or to point out technical 
errors in the text, unit review exercises, or course examination, call or write the author using the 
contact information on the inside front cover of this volume. 

NOTE: Do not use Air Force Instruction (AFI) 38–402, Airmen Powered by Innovation, to submit 
corrections for printing or typographical errors. For Air National Guard (ANG) members, do not use 
Air National Guard Instruction (ANGI) 38–401, Suggestion Program. 

If you have questions that your supervisor, training manager, or education/training office cannot 
answer regarding course enrollment, course material, or administrative issues, please contact Air 
University Educational Support Services at http://www.aueducationsupport.com. Be sure your request 
includes your name, the last four digits of your social security number, address, and course/volume 
number. 

This volume is valued at 16 hours and 4 points. 

http://www.aueducationsupport.com/


ii __________________________________________________________________ Preface 

NOTE: 

In this volume, the subject matter is divided into self-contained units. A unit menu begins each unit, 
identifying the lesson headings and numbers. After reading the unit menu page and unit introduction, 
study the section, answer the self-test questions, and compare your answers with those given at the 
end of the unit. Then complete the unit review exercises.
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Unit 1. Refueling Maintenance Specialized Safety and Ground 
Reels  

201. Safety hazards specific to refueling maintenance shops .................................................................... 1–1 
202. Use and care of vehicle-mounted safety items on refueling vehicles ................................................ 1–3 
203. Static ground reel operation, inspection, and testing ......................................................................... 1–5 

 

UE TO THE nature of refueling maintenance, safety is paramount. Safety is a full-time job. 
Safety affects you 24 hours a day, every day, on and off `duty. The Air Force and civilian 
organizations use many published safety manuals and standards to ensure people are aware of 

safety hazards. The challenge is for people to realize that safety is a never-ending process that 
everyone must practice at all times, especially so, during refueling maintenance. Please take the time 
to familiarize yourself with the safety hazards within a refueling maintenance shop. First in this unit, 
you will learn about the safety hazards specific to refueling maintenance shops. Next, the lesson 
covers the use and care of vehicle-mounted safety equipment on refueling vehicles. Finally, you will 
cover static ground reel operation, inspection and testing requirements. 

201. Safety hazards specific to refueling maintenance shops  
You must learn the safety hazards specific to refueling maintenance shops before you attempt 
working on refueling vehicles. Accidents can happen in a flash and you can prevent them if you have 
the understanding that working around fuel is dangerous; therefore, it is in your best interest and your 
responsibility to know the hazards. 

Static electricity  
Almost everyone has experienced the shock of static electricity from touching such items as 
doorknobs, chairs, and cars. A small static discharge is enough to ignite fumes present around 
refueling equipment. Static electricity is the most dangerous hazard a refueling mechanic faces. The 
reason is that you cannot see, feel, or hear static electricity until it is too late. 

The best precaution against static electricity is to ground yourself and the piece of equipment you are 
servicing. Grounding yourself neutralizes any accumulation of static electricity that has built up on 
your body. You can get rid of this accumulated static by touching the ground with your hands or by 
touching an approved grounding connection. 

SAFETY NOTE: Your shoes are insulators; so, you must ground yourself by touching a grounded 
object. 

Static electricity can accumulate in the refueler by simply driving the truck. Additionally, static 
electricity generates during refueling operations. Always ensure that you properly ground the refueler 
before working on it to provide a safe path to ground for static electricity. Always use an authorized 
grounding connection when grounding a refueler. When grounding the refueler, do not connect the 
grounding clip to another grounding clip. This is known as a “piggy back.” All personnel assigned to 
a refueling maintenance work center must be thoroughly familiar with, Technical Order (TO) 00–25–
172, Ground Servicing of Aircraft and Static Grounding/Bonding.  

SAFETY NOTE: TO 00–25–172 is in a constant state of change. All refueling shops should have a 
current, up-to-date copy on hand. Review it often and note all changes. Your safety depends on it. 

Adverse weather 
Performing maintenance on the fuel systems during adverse weather is hazardous. The installation 
weather officer notifies the base fuels management officer (FMO) of adverse weather such as 
thunderstorms, lightning, strong winds, heavy rain, and freezing precipitation. During adverse 
weather, do not perform maintenance on fuel systems of fuel servicing vehicles, when outside. You 
may not always know the conditions just by looking up at the sky. Therefore, it is a good idea to have 

D 



1–2 

a close relationship with base fuels management to help determine when adverse weather conditions 
exist.  

Smoking 
You cannot smoke within 50 feet of the refueling maintenance shop or any fuel servicing equipment. 
The smoking hazard is ever present so you must comply with and enforce all instructions and 
policies. YOUR safety and the safety of OTHERS depend on it! You must strictly control smoking 
materials. Storing smoking materials outside of the work area takes away the opportunity for an 
unfortunate incident. These items include devices such as lighters and matches. Place properly labeled 
and approved disposal containers, for smoking materials, only in approved locations. As an extra 
precaution, partially fill the container with water to ensure smoking materials extinguish thoroughly.  

Open flames and spark-producing devices are prohibited within 25 feet of the refueling maintenance 
shop, when a refueling vehicle is undergoing maintenance and fuel vapors are likely to be present. 

Fuel volatility 
Flammable vapors exist over the surface of aviation fuels. A spark or flame causes ignition of these 
vapors. If the proper ratio of fuel vapor and air is present, an explosion can result. Energy levels 
associated with a static discharge are sufficient to ignite fuel vapors.  

SAFETY NOTE: The liquid fuel does not burn—it is the vapors. The potential for explosive fuel 
vapors are ever present in all refueling areas. 

Power tools 
If you have ever used an electric drill, power saw or sander, you have probably noticed the many 
sparks produced at the motor brushes. For this reason, never use electric power tools. Use pneumatic 
power tools only. If one of your pneumatic power tools becomes inoperative, never use an electrical 
power tool as a substitute while awaiting repair or replacement of the pneumatic tool. 

Electrical units 
Most shop lighting and electrical outlets used within the refueling maintenance shop are of the 
explosion-proof type. Refueling maintenance shops do not use conventional light switches and 
receptacles unless the mounting of the switches or receptacles is at least 4 feet from the floor. Trouble 
lights must be of the explosion-proof type. Constantly inspect the cords of all electrical units for 
fraying and cracking of the insulation. Immediately remove any deteriorated cord from service.  

Two-person concept 
The two-person concept is simple, and is explained in Air Force Instruction (AFI) 91–203, Air Force 
Consolidated Occupational Safety Instruction (paragraph 32.15.7.8) as follows: A minimum of two 
persons, one qualified in the task to be performed and the other a safety observer to provide 
assistance, shall be available in the refueling maintenance site whenever repairs are done on a vehicle 
fuel system. For minor maintenance after duty hours, the vehicle flight commander may waive, in 
writing, the two-person policy if all safety precautions are taken and a qualified 5-skill level mechanic 
does the work.  

NOTE: A vehicle operator (for the type of equipment being repaired) may be the second person. 
Refer to AFI 24–302, Vehicle Management, for additional guidance.  

Jacks and stands 
Always use hydraulic jacks with a rating of no less than 10 tons when lifting refueling vehicles. You 
must consider the weight of the truck and the fuel before lifting the refueler. Since you must use a 
hydraulic jack with a rating of no less than 10 tons to lift refueling vehicles, it makes sense to use a 
pair of jack stands with a minimum rating of 10 tons. 
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Self-Test Questions 
After you complete these questions, you may check your answers at the end of the unit. 

201. Safety hazards specific to refueling maintenance shops 
1. Why is static electricity the most dangerous hazard to a refueling mechanic? 

2. What is the best precaution against static electricity? 

3. Which technical order must you be thoroughly familiar with? 

4.  Why is it important to have a good relationship with base fuel management? 

5. At what distance from a refueling vehicle can personnel smoke? 

6.  Why should you store smoking materials outside of the work area? 

7. Where are disposal containers for smoking materials kept, and why should you partially fill 
containers with water?  

8. Why do you not use electric power tools in a refueling maintenance shop? 

9. What continual inspection is required for electrical units? 

10. When can you perform minor maintenance after duty hours by yourself? 

11. What rating must a jack stand and hydraulic jack have when lifting a refueling vehicle? 

202. Use and care of vehicle-mounted safety items on refueling vehicles 
The use and care of vehicle-mounted safety items is another important safety aspect of refueling 
maintenance. Knowing where and what these items are can save lives. 
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Work lights/floodlights 
Mounted on the side and/or rear of refueling vehicles are work lights. Used during the hours of 
darkness, work lights illuminate the work area during a refueling or defueling operation. Using work 
lights help to eliminate personnel injury. 

Fire extinguishers 
Refueling vehicles have two hand-operated fire extinguishers, one on each side of the vehicle. The 
fire extinguishers are the general-purpose, dry-chemical type. These fire extinguishers will put out 
small fuel fires. Make sure these fire extinguishers are properly sealed and charged at all times. 
Additionally, ensure the discharge hose is free from debris. Failure to do so could cost someone his or 
her life. 

Static ground reels 
There are two static ground reels mounted on refueling trucks. Using two reels satisfies the special 
ground requirements for refueling and defueling aircraft. Ensure the reels operate properly and 
perform a resistance test. If static ground reels are not serviceable, a spark from static electricity could 
result in extensive equipment damage and personnel injury. 

Sealed electrical system 
Refuelers use sealed electrical wiring and components to eliminate the possibility of sparking. 
Conduit and sealed junction boxes keep the electrical wiring sealed. Check for deterioration of the 
insulation on exposed wiring during inspections and repairs. Also, make sure that all of the engine 
wiring is a safe distance from exhaust system components. Carefully inspect the wiring harnesses 
running from the chassis into the cab. A sharp edge will cause fraying or cut the wiring harness. 

Emergency switch 
An engine emergency switch is mounted on the main control side panel of refueling. This switch 
allows the operator to shut the engine off without entering the cab in case of an emergency. Refuelers 
have different emergency shutdown procedures. Refer to the appropriate TO and become thoroughly 
familiar with the shutdown procedures for each vehicle.  

Spark arrestor 
All refuelers use a spark arrestor-type muffler. A spark arrestor-type muffler contains sparks within 
the muffler instead of discharging them. A plug or band is installed on the muffler. Removal of the 
plug or band allows you to clean out carbon deposits and accumulated moisture. This cleaning is 
critical for proper operation. Do this cleaning at intervals prescribed by TO 36–1–191, Technical and 
Managerial Reference for Motor Vehicle Maintenance. 

Safety decals 
Safety decals on refueling vehicles serve as constant reminders of hazardous cargo. These decals 
include “No smoking within 50 feet,” “Cargo fire-avoid water,” and the fuel type and grade. Replace 
decals when they become excessively faded. If decals are not available, use a stencil with approved 
paint. For additional reference, refer to TO 36–1–191. 

Self-Test Questions 
After you complete these questions, you may check your answers at the end of the unit. 

202. Use and care of vehicle-mounted safety items on refueling vehicles 
1. Why are work lights used on refueling vehicles? 

2. What must you check the hand-operated fire extinguishers for? 
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3. Why do refueling vehicles have two static ground reels? 

4. Why do refueling vehicles use sealed electrical units? 

5. What component allows the operator to shut the engine off without entering the cab, and where is 
it located? 

6. What action ensures proper spark arrestor operation? Why? 

7. Why do refueling vehicles use safety decals? 

203. Static ground reel operation, inspection, and testing 
Proper static ground reel operation, inspection, and testing is critical. Grounding the refueler provides 
a safe path to ground for static electricity. If you are refueling a vehicle that does not have the proper 
ground, the unthinkable can happen. 

Operation and construction 
Grounding is the most practical way to control static electricity. Grounding provides a path of least 
resistance through low-resistance grounding wires, 10 ohms or less, through which static charges can 
flow easily. Grounding harmlessly removes the static charges that build up within an object, 
neutralizing the difference in electric potential. Grounding points are clean, unpainted metal surfaces 
that ensure a low-resistance connection. 

For proper grounding procedures, refer to TO 00–25–172. The design of the static reel (fig. 1–1) and 
cable assembly provides for a minimum amount of resistance. The reel end of the cable connects 
directly on the inside of the reel. A set of contacts allows a movable connection between the reel and 
the housing, similar to a steering wheel horn button. You must bolt the housing to a clean, unpainted 
surface of the refueler. With the clip attached to the end of the cable, there should be no more than 10 
ohms of resistance from the clip to the refueler.  

NOTE: Do not use ordinary battery-type (alligator) spring clips. Use only the clips specifically 
authorized by TO 00–25–172. 

Inspection 
A good, clean, metal-to-metal contact between the mounting bracket and the vehicle is necessary. 
First, make a visual check to ensure the static ground reel is in serviceable condition. Next, use a 
multimeter to check for a proper ground between the clip or plug and a bare metal point on the 
vehicle frame. If continuity is within 10 ohms, the reel is serviceable. If continuity is not within 10 
ohms, continue the inspection. The static reel should be free of paint, grease, and so forth, on the 
underside of the mounting bracket. Additionally, check the mounting area on the vehicle to ensure 
that it, too, is free of paint, grease, and so forth. Next, inspect the static cable. Check for any cuts or 
fraying. Be sure to look at the plastic coating—minor cuts or abrasions in the plastic coating are 
serviceable. The last check is that of the ground clips or plugs. Replace bent, broken, or rusted ground 
clips and plugs. Remember, the clips or plugs make the final ground connection. Do not take their 
condition for granted. 
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Figure 1–1. Static ground reel. 

Resistance test 
The resistance test ensures that any static electricity accumulated on the refueler has a low-resistance 
path to ground. Use a digital multimeter to measure resistance of the static reel assembly. The first 
step is to configure the multimeter to measure resistance. Begin by placing the black lead in the COM 
port, and the red lead in the port labeled for voltage (V) and ohms (Ω). Next, turn the dial to the “Ω” 
setting. Now, connect one meter lead to the static reel ground clip and the other lead to bare metal on 
the truck chassis. Be sure that the meter lead is touching bare metal. An excellent location is the 
ladder of the refueler at the rear of the tank. If paint, grease, corrosion, or any other factors do not 
allow a good contact, the resistance reading can be too high. The maximum allowable resistance for 
this test is 10 ohms. If the meter is properly connected between the truck-mounted static reel and the 
truck chassis, an indication of more than 10 ohms requires corrective action. A static reel with less 
than 10 ohms of resistance is serviceable. If the meter reads outside limits, or “OL”, it is an indication 
of an open connection. This also requires corrective action. 

Corrective action 
If the static reel resistance exceeds 10 ohms or reads OL, your first step is to check the entire static 
reel assembly for loose connections, corrosion, parts wear, or any defect that could put resistance or a 
break in the path you have tested. Pay particular attention to the area of metal contact between the 
reel-mounting bracket and the truck chassis. Stainless steel star washers between reel and truck 
mounting have a better grounding effect. Do not use steel washers as they will rust and increase 
resistance. Correct any poor connections you may find and recheck resistance. If you cannot bring the 
resistance below 10 ohms, replace the static reel assembly. 

CAUTION: When you are disassembling the static reel assembly, if you do not do it properly, you 
can cause injury or even death. The reel shown in figure 1–1 can come apart or explode. Always 
consult the appropriate TO. 
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Self-Test Questions 
After you complete these questions, you may check your answers at the end of the unit. 

203. Static ground reel operation, inspection, and testing 
1. What type of grounding wire do static ground reels use? 

2. What allows for a rotating connection between the reel and the housing? 

3. What TO specifies the use of special spring clips? 

4. Where do you bolt static ground reels on the refueler? 

5. What is necessary for a good ground? 

6. What do you check for when inspecting the static reel cable? 

7. What is the last item to check when inspecting the static reel? 

8. Why must you check the ground clip or plug so thoroughly? 

9. What test ensures static electricity has a low-resistance path to ground at the static reel? 

10. What equipment is required for testing the static reel assembly? 

11. How do you prepare the test equipment to perform the test? 

12.  Describe the connections required for the test. 

13. After repairing the static reel and the resistance is still too high, what is your next step? 
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Answers to Self-Test Questions 
201 
1. Because you cannot see, feel, or hear the static electricity until it is too late. 
2. Ground yourself and the piece of equipment you are servicing. 
3. TO 00–25–172. 
4. To help determine if adverse weather conditions exist. 
5. 50 feet. 
6. To take away the opportunity for an unfortunate incident. 
7. Only in approved locations; to ensure smoking materials are thoroughly extinguished. 
8. Because of sparks produced at the motor brushes. 
9. Inspection of the cords for fraying and cracking of the insulation. 
10. When you take all safety precautions, you are a 5-skill level and the vehicle flight commander waives the 

two-person policy in writing. 
11. Not less than 10 tons. 
202 
1. To illuminate the work area helping to eliminate personal injury. 
2. To ensure they are properly sealed and charged and to ensure the discharge hose is free of debris. 
3. To satisfy the special grounding requirements. 
4. To eliminate the possibility of sparking. 
5. An emergency switch, on the main control panel. 
6. Removing the drain plug or band on the muffler. This allows the cleaning out of carbon deposit and 

accumulated moisture. 
7. To serve as constant reminders of hazardous cargo. 
203 
1. Low resistance. 
2. Set of contacts. 
3. TO 00–25–172. 
4. At any clean, unpainted area. 
5. A good clean, metal-to-metal contact. 
6. Cut or frayed cable and to ensure the plastic coating does not have major cuts or abrasions. 
7. The ground clips or plugs. 
8. They make the final ground connection. 
9. A resistance test. 
10. A digital multimeter. 
11. Place the black lead in the COM port, and the red lead in the port labeled for voltage (V) and ohms (Ω). 

Next, turn the dial to the “Ω” setting. 
12. Connect one meter’s lead to the static reel ground clip and connect the other’s lead to bare metal on the 

truck chassis. 
13. Replace the static reel assembly. 
 
Complete the unit review exercises before going to the next unit. 



1–9 

Unit Review Exercises 
Note to Student: Consider all choices carefully, select the best answer to each question, and circle 
the corresponding letter. When you have completed all unit review exercises, transfer your answers to 
the Field-Scoring Answer Sheet. 

Do not return your answer sheet to the Air Force Career Development Academy (AFCDA). 

1. (201) What is the most dangerous safety hazard that you will encounter working in refueling 
maintenance? 
a. Unstable fuels. 
b. Static electricity. 
c. Faulty grounding. 
d. Smoking material. 

2. (201) What extra precaution do you take in the refueling work center to safeguard smoking 
material disposal containers? 
a. Seal container lids tightly. 
b. Empty containers weekly. 
c. Partially fill containers with water. 
d. Place containers outside of the work center only. 

3. (202) What type of muffler do all refuelers use? 
a. High-efficiency. 
b. Spark arrestor. 
c. Lightweight. 
d. Industrial strength. 

4. (203) What ohm rating should the grounding wires have on a static ground reel? 
a. 5 ohms or less. 
b. 10 ohms or less. 
c. 15 ohms or less. 
d. 20 ohms or less. 

5. (203) What mechanism allows for a rotating connection between the static reel and the housing? 
a. A friction disc. 
b. A set of contacts. 
c. Low-resistance wire. 
d. A spring-loaded carbon tip. 

6. (203) When testing the static reel, you connect one lead to the ground clip, and the other one to the 
a. static reel cable. 
b. static ground stake. 
c. bare metal of the reel. 
d. bare metal of the truck chassis.  

 

 

 

 

 

 

Please read the unit menu for unit 2 and continue  
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Student Notes 
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HE KOVATCH R–11 REFUELER, as shown in figure 2–1, is the newest R–11 model refueler 
in the Air Force vehicle inventory. The Kovatch R–11 can handle all types of aircraft fuels and 
service United States Air Force (USAF) and foreign aircraft. It is capable of high-flow and 

low-flow refueling, along with defueling. All equipment necessary for refueling and defueling is self-
contained. The Kovatch is capable of satisfactory performance in any ambient temperature from 125° 
F (51.6° C) to –40° F (–40° C) under normal operating conditions. The fuel- servicing truck delivery 
systems fuel delivery rate is capable of delivering up to 625 gallons per minute (gpm) or defueling at 
a rate of up to 175 gpm. The fuel truck is also able to deliver fuel in adverse conditions such as 100 
percent humidity, rainy, salty, or desert-like operating conditions. In full service condition, with crew 
the Kovatch R–11 is capable of maintaining a max speed of 56 miles per hour (mph) on dry, level, 
paved roadways, 25 mph on unimproved roads, and 10 mph on Belgian block pavement. This unit 
covers the bottom-loading system, bypass system, mainline system, and the defuel system.  

 
Figure 2–1. Kovatch fuel-servicing tank truck (A/S 32 R–11). 

T 
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2–1. Air System 
The air systems used on refuelers are similar to those used on heavy-duty trucks. Since you covered 
air brake systems in your previous course, you will not cover every component of each truck; 
however, there are some specific air system features that you do need to know. This lesson covers the 
characteristics of the Kovatch R–11 air systems. Additionally, you cover components specific to each 
system.  

SAFETY NOTE: Always wear approved personal protective equipment (PPE) to include safety 
goggles/glasses when working on or around vehicle air systems. 

204. Characteristics of the Kovatch R–11 air system  
The air system consists of an engine-driven compressor, four storage reservoirs, air dryer, and 
necessary piping and valves to supply the bake system, pumping system, air starting and all air 
operated accessories. The air brake system is a dual-type spring brake with separate supply systems 
for the front axle and rear tandem axles. The spring brakes on the rear tandem axles are used for 
service, parking and emergency braking. A low air-pressure warning system is provided in addition to 
the dual air pressure gauge, consisting of a warning light and buzzer, which activates whenever air 
pressure drops below 60 psi. 

Front and rear quick air connect 
The Kovatch R–11 uses a front and rear quick-air connects. These connections provides for an 
external air source to charge the air system. The front quick-air connect is on the bottom center of the 
front bumper. The rear quick-air connect is on the cross rail just behind the center of the rear bumper. 

Air seat 
A luxury feature on the Kovatch R–11 is an air seat. The purpose of the air seat is that it allows the 
operator to adjust the seat height.  

Cab air manifold 
Located under the dash to the left of the steering column is the cab air manifold. The cab air manifold 
provides for a common connection point for all air pressure passing in and out of the cab. 

Suspension-leveling valve (left/right) 
The suspension-leveling valve automatically maintains the desired ride-height throughout the 
unloaded and loaded range. This three-position valve is located on the left and right side of rear axles.  

Air springs 
Also located on the left and right of the rear axles are air springs. The springs are air bag-type springs. 
The purpose of these springs raise and lower axles in accordance with changes in load and conditions 
as dictated by the suspension-leveling valve. 

Height control valves 
The height control valves located between the two rear axles are controlled mechanically by the axles.  
These spool valves compensate for height changes by automatically sensing varying load conditions 
and adjusting the air ride suspension. 

Air start tank 
The air start tank is a 60-gallon fiberglass tank located on the outside left frame rail. The air start tank 
supplies air for the air start system. 
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Air starter 
Specific to the Kovatch R–11 is the air starter. Its purpose is to turn air pressure into mechanical 
energy, rotating the engine for starting. The air starter is a vane-type air motor located on the lower 
left side of the engine. The air start switch and the Bosch relay control the operation of the air starter.    

Air start switch 
Located on the dash next to the ignition switch is the air start switch. Controlled manually, this 
normally open push button electrical switch sends current to the Bosch relay. The Bosch relay allows 
air pressure to pass to the air starter.  

Self-Test Questions 
After you complete these questions, you may check your answers at the end of the unit. 

204. Characteristics of the Kovatch R–11 air system 
1. How many air reservoirs does the Kovatch R–11 have? 

2. On the Kovatch R–11, at what pressure does the low air warning light and buzzer activate? 

3. What is the purpose of the air seat on the Kovatch R–11? 

4.  What component on the Kovatch R–11 automatically maintains the desired ride height throughout 
the unloaded and loaded range? 

5. What type of springs is used on the Kovatch R–11 rear axles? 

6. Where is the air start tank located on the Kovatch R–11? 

7. Which air system component on the Kovatch R–11 turns air pressure into mechanical energy?  

2–2. Electrical and Winterization System 
The following discusses the Kovatch R–11 electrical and winterization system. 

205. Characteristics of the Kovatch R–11 electrical system  
Kovatch R–11 
The Kovatch R–11 uses a conventional 12-volt, direct current (DC), negative ground electrical 
system. One 12-volt, 625 cold-cranking ampere (amp) maintenance-free battery provides the voltage 
for starting, lighting, and accessory operation. A Delco Remy 90-amp alternator charges the battery 
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when the engine is running. Automatic reset-type circuit breakers protect electrical components 
against overload. Refueler electrical systems are always limited to minimize the risk of sparks 
igniting the large amounts of fuel that these trucks carry. 

206. Winterization system  
Kovatch R–11 
The Kovatch R–11 uses 120-volt or 240-volt, alternating current (AC) resistance heaters. This dual-
purpose system allows operation of the Kovatch winterization system in overseas areas. Operators use 
the winterization system when the refueler is on standby and the engine is not running during cold 
weather. This system maintains the refueler in a ready-to-operate condition, permitting the refueler to 
satisfy mission requirements when the ambient temperature is extremely low. As you cover the 
winterization components in this section, reference figure 2–2. 

 
Figure 2–2. Kovatch winterization system. 
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The following are major components you should be aware of regarding the Kovatch R–11 
winterization system. 

Component Location Explanation 
External power auto eject 
receptacle 

On the right side of the cab 
above the battery box 

Allows a connection for the external power 
cable. The receptacle automatically ejects the 
power cord anytime the ignition switch 
energizes.  

Indicator light orange 12 
volt 

On the center of the dash Controlled by the AC voltage module; 
Illuminates any time external power is 
connected. 

AC voltage module Under the passenger seat 
in the interlock module 

Allows 12-volt DC to travel to the indicator light 
when external power is connected. 

12-volt DC battery charger Under the passenger seat 
in the interlock module 

12-volt battery charger intended to keep the 
battery sufficiently charged. 

Battery warmer Under the battery It is a resistor-type heater. Controlled by 
external power. Keeps the battery warm.  

Engine oil heater In the left side of the oil 
pan 

It is a resistor-type heater probe. The engine 
oil heater keeps the oil at an acceptable 
temperature. 

Engine coolant heater On the right rear of the 
engine block 

Is a resistor-type heater; keeps the coolant at 
an above freezing temperature. 

25 Amp fuse Under the passenger seat 
in the interlock module 

Protects the winterization system components 
in case of an unwanted short. 

207. Winterization system maintenance  
Maintaining the winterization is critical for truck operation in cold climates. This lesson covers 
fundamental maintenance actions for the winterization system. 

Inspecting the heaters 
Your primary inspection of the heaters will be a visual check. In particular, look at the following 
areas: 

1. Inspect the external power source for loose connections and that the receptacle is secure.  
2. Inspect all electrical wiring to ensure there are no hanging or frayed wires, or wires shorting 

against one another or against metal. 
3. Inspect the electrical cord end to ensure tight connections and the cord ends are not cracked 

or corroded.  
4. Check the electrical connection to the heater element and the element itself to ensure it is not 

loose, cracked, or broken, and that it has the proper resistance value. 

Testing the heater element 
To check the heater elements for opens and shorts, use a multimeter. Set the meter on the ohms 
setting and touch the two leads together to verify the meter is working. Also, remember to disconnect 
the heater you are testing from the power. 

Grounded heater element 
To check the heater element for an unwanted ground, touch one of the meter leads to the element case 
and the other to either terminal in the heater element connector. If the meter reads “OL”, there is no 
ground. This means the heating element is probably good.  
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The Kovatch R–11 uses a conventional 12-volt, DC, negative ground electrical system. One 12-volt, 
625 cold-cranking amp maintenance-free battery provides the voltage for starting, lighting, and 
accessory operation. A Delco Remy 90-amp alternator charges the battery when the engine is 
running. Automatic reset-type circuit breakers protect electrical components against overload. 
Refueler electrical systems are always limited to minimize the risk of sparks igniting the large 
amounts of fuel that these trucks carry.  

Open heater element 
Leave one ohmmeter lead connected to the heater terminal and move the other lead from the case to 
the remaining terminal. If meter reads “OL”, the heater element has an open circuit. A serviceable 
element should have a cold resistance of somewhere between 20 and 100 ohms, depending on the 
watt rating of the element. Some high-wattage elements may have a resistance even lower, possibly as 
low as 10 ohms. For these checks, be sure you set the meter to the appropriate range, or AUTO. Refer 
to the TO for all testing procedures. 

Adjustments 
Refer to the appropriate TO before making any adjustments. Adjustments to the winterization system 
are rare. The winterization system is impractical to use during the warmer months of the year. 
However, as a refueling vehicle mechanic, you need to inspect these components continually to 
ensure their proper operation. The first truly cold day of the winter season always comes sooner than 
expected. 

While heating the fuel is important in the colder months, during warm months, it can cause 
driveability issues. The fuel will heat in excess of 150° F. This allows fuel to vaporize before it 
reaches the engine, known as “vapor lock,” which disables automotive engines in hot weather by 
interrupting fuel flow. 

On the Kovatch R–11, mounted on the streetside rear of the engine, near the engine oil dipstick is the 
fuel warmer control valve. This valve is a manual ball valve. Simply close or open the valve, 
depending on outside temperature.  

When the colder months arrive, place the ball valve back in line with fuel flow to allow coolant to 
warm the fuel. 

An alternate procedure would be to locate and close the ball valve from the vehicle underside. This is 
acceptable, but the valve may not be as readily accessible as in the previous procedure. 

Self-Test Questions 
After you complete these questions, you may check your answers at the end of the unit. 

205. Characteristics of the Kovatch R–11 electrical system 
1. What type of electrical system does the Kovatch R–11 use? 

2. How many and what type battery does the Kovatch R–11 use? 

3. What amperage rating is the alternator used on the Kovatch R–11? 
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206. Winterization system 
1. What type of power receptacle does the Kovatch R–11 use? 

2. What color is the winterization system “on” indicator light, on the Kovatch R–11? 

3. What Kovatch R–11 winterization component allows 12-volt DC to travel to the indicator light 
when external power is connected? 

4. What type of fuse protects the Kovatch R–11 and where is it located? 

207. Winterization system maintenance 
1. What type of inspection do you do on the winterization system heaters? 

2. What test equipment do you use to test heater elements? 

3. How do you check for a grounded heater element? 

4. How do you check for an open in the heater element? 

5. What can occur if the fuel warmer ball valve is open during hot weather conditions?  

2–3. Power takeoff 
The power takeoff (PTO) and throttle interlock systems are vital to the safe and efficient operation of 
refueling vehicles. The PTO acts as a power-connecting link for either driving the rear wheels or 
driving the main fuel pump, depending on the mode selected. The following lesson covers 
fundamental information about power takeoff assemblies.  

208. Construction and operation of the power takeoff assemblies  
This lesson covers the construction and operation of the power takeoff assemblies. For more in depth 
technical information you can reference the specific vehicle technical order (TO). 
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Construction 
Mounted behind the vehicle transmission is the PTO (fig. 2–3). The design of the PTO is split-shaft. 
This gearbox has a cast-iron case, making it extremely durable yet remarkably heavy. Use caution 
when removing this unit.  

 
Figure 2–3. R–11 PTO and pump assembly. 

Ninety-weight gear oil lubricates and cools the PTO. There is a drain plug located on the bottom of 
the PTO as well as an inspection plug on the side of the unit. Check oil level at every scheduled 
inspection. The ninety-weight oil level should be level with the inspection plug. 

Operation 
The PTO receives input power from the vehicle diesel engine and an automatic transmission. The 
PTO gearbox separates the drive shaft at a point between the transmission and the rear axle. A sliding 
gear unit, within the PTO, permits driving either the pump or the rear axles. The PTO is air operated 
and controlled by the operator from the cab.  

For you to shift the PTO into and out of gear, three conditions must take place. First, the park brake 
must be set. Second, the engine must be at idle. Third, the transmission must be in neutral. 

The two operation modes of the PTO are ROAD and PUMP. In PUMP position, the transmission 
drive gear meshes with the pump drive gear. The pump drive gear connects to the pump impeller with 
a splined shaft. In ROAD position, the transmission-drive gear slides over the axle drive gear, which 
connects to the rear axles by a driveline (fig. 2–4). 

 
Figure 2–4. PTO gear positions. 

209. Troubleshooting and maintenance of the power takeoff assemblies  
Troubleshooting and maintaining the power takeoff properly is important. Without the PTO, the 
dispensing system will not function. This lesson covers some general troubleshooting and 
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maintenance procedures. Always reference the appropriate technical order when troubleshooting and 
maintaining the PTO. 

Troubleshooting 
You troubleshoot the PTO primarily by sight and sound. You can easily spot leaking oil seals or 
gaskets by oil spots left on the ground beneath the PTO assembly. A growling sound indicates worn 
bearings in the PTO. While you are driving the vehicle, you can detect a growling noise. However, 
you must isolate the PTO by operating the vehicle in a pumping mode. This eliminates the rear axles 
from the noise factor.   

A chattering noise in the PTO could indicate a chipped tooth on one of the gears. If the PTO does not 
engage properly or jumps out of gear, one or more gears could have worn teeth. Gears clashing, when 
shifting, due to excessive idle speed or improper shifting, may cause this condition.  

The PTO may become stuck in the road or the pump position. The lack of air pressure, failure of an 
interlock component, or failure of the PTO gearbox will cause this malfunction. If the PTO is in the 
pump position, and will not shift, you can shift the gearbox manually by moving the exposed shift 
rod. Before attempting to move the shift rod, turn the refueler engine off. 

NOTE: When the PTO is in pump position and the engine is at idle, there may be some audible gear 
clatter. Do not confuse this with a malfunction. Gear clearance allowances, with no load applied to 
the PTO, cause this condition. When increasing engine revolutions per minute (rpm), the gear clatter 
ceases. If the clatter does not cease or the noise becomes increasingly louder, inspect the PTO for a 
problem. 

Maintenance 
Always refer to the appropriate technical order for correct maintenance procedures. Lubrication is a 
primary concern of efficient PTO operation. Change the PTO oil every 6 months of operation. Check 
the lubricant level at every scheduled inspection and keep it full according to the applicable technical 
order. Replace leaking oil seals or gaskets. Also, keep the PTO vent clean to prevent excessive 
pressure buildup within the PTO. 

Noisy operation of the PTO indicates that you need to inspect the internal components thoroughly. 
Chipped gear teeth or worn bearings require replacement of the defective components. 

When inspecting the PTO, always check PTO and driveshaft mounting bolts. The best way to ensure 
bolts are tight is to use a wrench and try to tighten. If bolts are loose, tighten them in accordance with 
the applicable TO. 

Self-Test Questions 
After you complete these questions, you may check your answers at the end of the unit. 

208. Construction and operation of the power takeoff assemblies 
1. What shaft design does the PTO use? 

2. What PTO component permits either driving the pump or the rear axles? 

3. Which conditions must be met to shift the PTO from one operating mode to the other?  
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 4. What are the operating modes of the PTO? 

209. Troubleshooting and maintenance of the power takeoff assemblies 
1. How do you troubleshoot the PTO? 

2. How must a growling noise be isolated to the PTO? 

3. What PTO malfunction is indicated by a chattering noise? 

4. What can you do to prevent excessive pressure buildup within the PTO? 

5. What is the required maintenance action for a noisy PTO? 

2–4. PTO and Throttle Interlock 
The power takeoff (PTO) interlock system prevents operation of the PTO unless the truck is at idle 
speed and the parking brake is applied. When the truck is in PUMP mode, the accelerator pedal is 
disabled as well.   

210. Kovatch R–11 power takeoff and throttle interlock system  
The power takeoff connects the engine to the pump to dispense fuel. The throttle interlock prevents 
the PTO from shifting until the parking brake is applied, the transmission is in neutral, and the engine 
is at idle. The auxiliary throttle interlock’s purpose is to prevent operation of the auxiliary throttle 
when the PTO is in ROAD mode. The following components make up the system. 

Body control module 
The body control module (BCM) is located in the passenger compartment next to the driver’s door. 
The BCM sends power to the park brake air-pressure switch, which closes when the park brake is 
engaged. 

Park brake air-pressure switch 
Located under the dash, to the right of the steering column, the park brake air-pressure switch is a 
normally closed switch. It receives 12 volts from the BCM and returns it when closed to indicate 
parking brake status. 

Air solenoid valve 
The air solenoid valve is a normally closed, electrically energized valve that is located in the driver’s 
side frame rail. When the parking brake is set, the air solenoid valve is energized by the BCM and 
provides air to the PTO shift control. 
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PTO shift control 
The PTO shift control is a two position, manually operated, toggle valve located on the pump-shift 
tower. It is controlled by air received from the air solenoid valve, and directs air pressure to either the 
road or pump control port on the PTO shift cylinder. 

Pump-shift pressure switch 
The pump-shift pressure switch is a normally open air-pressure switch located inside the pump-shift 
tower, and connected in-line between the PTO shift control and PTO shift cylinder. It receives 
reference voltage from Remote Power Module 1 (RPM 1). When closed, it signals RPM 1 that PTO 
shift control has been shifted to road mode. The PTO shift control is controlled by air pressure when 
it is placed in the PUMP position. 

PTO shift cylinder 
The PTO shift cylinder is a double-acting air cylinder located in the PTO assembly. It uses air 
pressure from the PTO shift control to change PTO gearing between road and pump modes. The PTO 
pilot valve (V–80) is normally an open-air valve located on the rod side of the PTO shift cylinder. It 
is controlled by the PTO shift cylinder, and allows air to flow from the supply tanks to the tank 
control valve (V–44), shuttle valve (V–74), and pump-engaged pressure switch. 

Pump-engaged pressure switch 
The pump-engaged pressure switch is a normally open-air pressure switch located inside the pump 
shift tower, mounted to the bottom passenger side toward the rear of the truck. It is controlled by air 
received from the PTO pilot valve (V–80), and receives reference voltage from RPM 1. When closed, 
the switch grounds, and signals RPM 1 that the pump is engaged.  

Remote power module 
The RPM 1 is located under the cab on the driver’s side, above the battery box. It provides power to 
the fuel master, scully system, transmission lock-up relay, pump engaged light, OK to pump light, 
and deadman air pressure switch. 

Pump-engaged light 
The pump-engaged light informs the operator when the PTO is engaged, and is located on the pump 
shift tower above the PTO shift control. It is controlled by power from RPM 1 when signal from the 
pump engaged pressure switch is received. 

Transmission lockup relay 
The transmission lockup relay is a 4-prong Bosch/TYCO-style relay located in the pump shift tower. 
It provides fourth gear lock-up of the transmission to achieve direct drive of the PTO. It receives 
reference voltage from the transmission control module while in road mode, and grounds in pump 
mode. When shifted to pump mode, RPM 1 powers the relay, locking the transmission in fourth gear. 

OK to pump light 
The OK to pump light informs the operator when the PTO is engaged and fourth gear lockup is 
achieved. It is located on the pump-shift tower, above the PTO shift control. It is controlled by RPM 1 
once fourth gear lockup has been achieved and the transmission is placed in drive.  

Deadman air pressure switch 
The deadman air pressure switch is normally CLOSED, and mounted inside the pump shift tower on 
the passenger’s side toward the front of the vehicle. It receives 12 volts from RPM 1 via the OK to 
pump light. When fourth gear lockup is achieved and the transmission is placed in drive, the deadman 
pressure switch receives 12 volts from RPM 1 via the OK to pump light. It sends 12 volts to the 
signal side of RPM 1 until deadman control valve (V–50) is actuated. 
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Auxiliary throttle control 
The auxiliary throttle control allows the operator to control engine speed from the pump panel, and 
permits immediate return to idle speeds by pressing the idle button. It is an electronic throttle powered 
by RPM 1 and the deadman air pressure switch. 

211. Troubleshooting the Kovatch R–11 power takeoff and throttle interlock system  
Next, we’ll discuss procedures to help troubleshoot the PTO and throttle interlock system. Always 
consult with the most current TO to ensure you are performing up-to-date procedures. 

Auxiliary throttle and PTO shift interlock test 
Perform the following steps to test the auxiliary throttle and PTO shift interlock system. 

1. With the refueler parked on level ground, apply the parking brake. 
2. Start the engine and allow it to run at idle speed. 
3. With transmission control in NEUTRAL and pump shift control in the ROAD mode, have a 

second person activate the deadman control, then attempt to raise engine speed using the 
auxiliary throttle control. The engine speed should not increase when the auxiliary throttle is 
activated. If the engine does increase speed, the auxiliary throttle interlock is malfunctioning 
and repairs are needed. 

4. With the engine running at idle speed and the parking brake not applied, attempt to shift the 
PTO shift control to the PUMP mode. The PTO must remain in the ROAD mode and the 
pump-engaged indicator light and transmission high-range lock-up indicator light should 
remain extinguished. A malfunction has occurred and repairs are needed if the PTO shifts 
into PUMP mode. 

5. With engine running above idle speed and parking brake applied, attempt to shift the PTO 
control to the PUMP mode. The PTO must remain in the ROAD mode and the pump engage 
indicator light and the transmission high-range lock-up indicator light should remain 
extinguished. The PTO interlock is malfunctioning and repairs are needed if the PTO shifts 
into the PUMP mode. 

6. With the transmission control in any range except NEUTRAL, attempt to shift the PTO shift 
control to the PUMP mode. The PTO must remain in the ROAD mode and the pump-engaged 
indicator light and transmission high-range, lock-up indicator light shall remain extinguished. 
If the PTO shifts into the PUMP mode, the PTO interlock is malfunctioning and repairs are 
needed. 

PTO cannot be shifted to the ROAD or PUMP position 
The following table shows probable causes and corrective actions to take if the PTO will not shift to 
the ROAD to PUMP position. 

Probable Cause Corrective Action 
Engine rpm too high Make certain engine is at IDLE speed 
Parking brake released Apply parking brake 
Transmission not in NEUTRAL Place transmission selector in NEUTRAL 
Low air pressure Allow air pressure to build to normal operating 

pressure 
Defective air lines Replace air lines 
Defective switch on PTO interlock assembly Replace switch 
Pump-shift control defective Repair or replace shift control 
Damaged shaft PTO yoke Repair or replace PTO yoke 
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Self-Test Questions 
After you complete these questions, you may check your answers at the end of the unit. 

210. Kovatch R–11 power takeoff and throttle interlock system 
1. What is the purpose of the Kovatch R–11 power takeoff and auxiliary throttle interlock system? 

2. What manually operated toggle valve directs air pressure to either the road or pump control port 
on the PTO shift cylinder? 

3. Which component is located under the cab on the driver’s side above the battery box?  

4. Which component receives 12 volts from RPM 1 via the OK to pump light when fourth gear 
lockup is achieved and the transmission is placed in drive? 

211. Troubleshooting the Kovatch R–11 power takeoff and throttle interlock system 
1. At what speed must the engine run to conduct the auxiliary throttle and PTO shift interlock test? 

2. With the engine at idle and the parking brake not applied, what should happen when you attempt 
to shift the PTO to PUMP mode? 

3. What does it mean if the PTO shifts into PUMP mode in any gear range except NEUTRAL? 

4. List the four items you may need to replace if the PTO cannot be shifted to the ROAD or PUMP 
mode. 

Answers to Self-Test Questions 
204 
1. Four. 
2. 60 psi. 
3. It allows the operator to adjust the seat height. 
4. Suspension-leveling valve (left/right). 
5. Air bag-type springs. 
6. Outside left frame rail. 
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7. Air starter. 

205 
1. Conventional 12-volt, DC, negative ground. 
2. One 12-volt, 625 cold-cranking amp, maintenance-free. 
3. 90 amp. 

206 
1. Auto eject. 
2. Orange. 
3. AC voltage module. 
4. 25 amp fuse; under the passenger seat in the interlock module. 

207 
1. Visual. 
2. Multimeter. 
3. Touch one of the meter lead to the element case and the other to either terminal in the heater element 

connector. 
4. Leave one ohmmeter lead connected to the heater terminal and move the other lead from the case to the 

remaining terminal. 
5. Vapor lock. 

208 
1. Split-shaft. 
2. Sliding gear unit. 
3. Parking brake set, the engine at idle, and the transmission in neutral. 
4. ROAD and PUMP. 

209 
1. Primarily by sight and sound. 
2. By operating the vehicle in a pumping mode. 
3. A chipped tooth on one of the gears. 
4. Keep the PTO vent clean. 
5. Thorough inspection of the internal components. 

210 
1. It prevents the PTO from shifting until the parking brake is applied, the transmission is in neutral, and the 

engine is at idle, and prevents operation of the auxiliary throttle when the PTO is in the ROAD mode. 
2. PTO shift control. 
3. Remote Power Module 1 (RPM 1). 
4. Deadman air pressure switch. 

211 
1. Idle. 
2. The PTO must remain in the ROAD mode and the pump-engaged indicator light and transmission high- 

range lock-up indicator light should remain extinguished. 
3. The PTO interlock is malfunctioning and repairs are needed. 
4. (1) Air lines; (2) switch; (3) shift control; (4) PTO yoke. 

 

Complete the unit review exercises before going to the next unit. 
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Unit Review Exercises 
Note to Student: Consider all choices carefully, select the best answer to each question, and circle 
the corresponding letter. When you have completed all unit review exercises, transfer your answers to 
the Field-Scoring Answer Sheet.  

Do not return your answer sheet to AFCDA. 

7. (204) How many air reservoirs does the Kovatch R–11 use? 
a. Two. 
b. Three. 
c. Four. 
d. Five. 

8. (204) The Kovatch R–11 right and left suspension-leveling valves automatically maintain desired 
a. load range. 
b. ride height. 
c. load height. 
d. spring height. 

9. (204) What Kovatch R–11 air system component turns air pressure into mechanical energy? 
a. Front and rear quick-air connects. 
b. Suspension-leveling valve. 
c. Air start switch. 
d. Air starter. 

10. (205) What protects the Kovatch R–11’s electrical components against overload? 
a. Manual reset-type fuse boxes. 
b. Automatic reset-type fuse boxes. 
c. Manual reset-type circuit breakers. 
d. Automatic reset-type circuit breakers. 

11. (206) Which Kovatch R–11 winterization system component allows 12-volt, direct current (DC) 
to travel to the indicator light? 
a. Toggle switch. 
b. Indicator relay. 
c. Battery charger. 
d. Alternating current (AC) voltage module. 

12. (207) What is the primary type of check performed on the R–11 winterization heater system? 
a. Visual. 
b. Voltage. 
c. Periodic. 
d. Operational. 

13. (208) What part of the power takeoff (PTO) permits driving either the pump or the rear axles? 
a. Selector lever. 
b. Pump mode selector.  
c. Sliding gear unit. 
d. Shift cylinder. 

14. (209) What is the primary means of troubleshooting the R–11 power takeoff?  
a. Sight and sound. 
b. Disengaging the pump. 
c. Checking the computer for codes. 
d. Isolating the system in pumping mode. 
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15. (209) How are leaking power takeoff (PTO) oil seals or gaskets readily identified on R–11 
refuelers? 
a. Oil pooling on the driver’s side frame rail. 
b. Oil spots on the ground beneath the differential. 
c. Oil spots on the ground beneath the bellhousing. 
d. Oil spots on the ground beneath the power takeoff assembly. 

16. (210) The purpose of the R–11 throttle auxiliary interlock system is to 
a. prevent operation of the auxiliary throttle when the power takeoff (PTO) is in the ROAD mode. 
b. prevent operation of the auxiliary throttle when the PTO is in the PUMP mode. 
c. allow operation of the auxiliary throttle when the PTO is in the ROAD mode. 
d. allow operation of the auxiliary throttle when the deadman is closed. 

17. (210) Which Kovatch R–11 throttle interlock component energizes the air solenoid valve after 
determining parking brake status? 
a. Power takeoff (PTO) shift control. 
b. Body control module. 
c. Remote power module. 
d. Deadman air pressure switch. 

18. (210) How does the Kovatch R–11 operator know when the power takeoff (PTO) is engaged and 
fourth gear lockup is achieved? 
a. Pump not ready buzzer stops. 
b. OK to pump light illuminates. 
c. Pump engaged light illuminates. 
d. Wait to pump light extinguishes. 

19. (211) If the Kovatch R–11 power takeoff (PTO) cannot be shifted to ROAD or PUMP position, 
which is not a probable cause? 
a. Low-air pressure. 
b. Pump shift control defective. 
c. Engine revolutions per minute (rpm) too high. 
d. Pump-engaged pressure switch malfunction. 
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HE NEXT TOPIC we will cover together is the distribution system on the Kovatch R–11. We will 
begin by learning about the bottom-loading system, and then move to the bypass system. 
After, that we discuss the mainline system and the defuel system. Toward the end of the unit, 

we will learn about fuel flow meter testing and calibration, and fuel hose maintenance. 

3–1. Bottom-Loading System  
In this section, you cover the components and operation of the Kovatch R–11 bottom-loading system 
and some of the different features it incorporates.  

SAFETY NOTE: Before working around or directly with fuel, wear approved personal protective 
equipment (PPE) to include safety goggles/glasses, fuel resistant apron, and gloves. 

212. Bottom-loading system components and operation  
As you cover the bottom-loading components and operation, refer to the schematic in figure 3–1. 

Bottom-loading adapter 
The bottom-loading adapter (A2) is a single-point receptacle located on the bottom-loading valve. It 
provides a secure connection for the single-point nozzle that opens and closes the connection using a 
poppet valve. 

Bottom-loading interlock valve 
The single-point nozzle presses against the bottom-loading interlock valve (V–60), which sends air 
pressure up to the vent. This normally closed push button connects to (A2) and actuates by the 
connection of the hose. The mechanical actuation of the valve sends air pressure up to the bottom-
loading vent valve (V–55) ensuring the tank vents during bottom loading. 

T 



3–2 

 
Figure 3–1. Bottom-loading system.  

Bottom-loading vent valve 
Bottom-loading vent valve (V–55) is normally a closed piston type with an internal check valve 
designed to ensure that the vent is open before sending air down to the Scully system. Venting the 
tank provides an escape for compressed air within the tank from compressing during bottom loading, 
so eruption of the tank walls will not occur.  

Shuttle valve (V–73) 
When the hose is connected and the tank vent is open, air pressure will travel down to shuttle valve 
(V–73). This shuttle valve, located below power module–1 (PM–1), isolates the (V–55) from the 
selector valve (V–14). This separates the bottom-loading operations from the defuel operations. At 
this time, air pressure from (V–73) is applied to a pressure switch that is inside of PM–1. The purpose 
of this switch is to ensure that the tank vent is fully open before bottom-loading operations can begin. 

Power module–1 
Power module–1 (PM–1), located on the left rear bumper, is an electronic control module designed to 
direct electrical signals to and from the level control module (LCM–1). The power module allows 
current to flow to the (LCM–1) and to solenoids (V–57) and (V–37). The (PM–1) receives its power 
directly from the batteries. Control of (PM–1) is through a normally open air-pressure switch, (V–55) 
during bottom loading and (V–14) during defuel mode. 

On/Off switch 
The ON/Off switch controls the power to (PM–1). Located to the right of the circuit breaker panel, 
this 12 volts, DC circuit breaker protects the scully system from excessive current draw. In the event 
of electrical failure to the scully system, turn this switch OFF to ensure no further damage to the 
electronics. 
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Multecept sockets 
The Air Force vehicle inventory does not use this component. The multecept sockets (MS–1) is a 
triple socket receptacle located under the (LCM–1). The purpose of (MS–1) is to allow for connection 
to a fill stand and incorporate a computer-controlled fuel accountability program accurate within a 
tenth of a gallon. This system if incorporated would virtually eliminate human error at the fill stands. 

 
Figure 3–2. Level-control module. 

Level-control module 
Incorporated into the system, and located on the left rear bumper, is the level-control module (LCM–
1). The (LCM–1) shown in figure 3–2, sends and receive signals to the fuel-level sensor, to determine 
fuel level within the tank. The LCM relays send signals back to the (PM–1) to either allow or halt 
bottom loading. 

Fuel-level sensor 
The fuel-level sensor (FLS–1), shown in figure 3–3, is a five-wire optic probe-type sensor located to 
the rear of the top service cover and controlled by fuel level in the tank. The (FLS–1) uses a prism-
type optical diode to send electrical signals in a continuous loop until broken by fuel level higher than 
the prism. Once broken, this signal travels back to (LCM–1) and is then relayed to (PM–1) indicating 
either a high (wet) or low (dry) fuel level on the tank sensor indicator lights located on the main 
control panel. 

Shuttle valve (V–74) 
Once air pressure from the shuttle valve (V–73) powers up the scully system, the air proceeds down 
to another shuttle valve (V–74). The purpose of V–74 shuttle valve is to isolate the bottom-loading 
vent valve from the selector valve in defuel mode. V–74 attaches to solenoid (V–57). 
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Solenoid 
This normally closed electrically actuated air solenoid (V–57) allows air to flow to the supply port of 
V–37 when the solenoid (V–55) is open or when V–14 is in defuel. This solenoid attaches to the rear 
bumper. 

 
Figure 3–3. Fuel-level sensor. 

Solenoid valve  
Solenoid valve (V–37) is the same type of solenoid as V–57 and is located in the same area. This 
solenoid directs air pressure to the pilot port valve on (V–63), then to (V–71) and (V–59). PM–1 
control both V–57 and V–37. 

Bottom-loading valve 
Once the scully system is up and running the fuel must have a means of entering the tank from the 
hose. The bottom-loading valve (V–63) completes this task. Shown in figure 3–4, the bottom-loading 
valve is a normally closed liquid-controlled piston valve located on the left rear of the tank. Air 
pressure from (V–37) controls this valve and its purpose is to allow fuel to enter the tank. 

 
Figure 3–4. Bottom-loading valve. 
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Four-inch manual butterfly valve 
A four-inch (4") manual butterfly control valve limits the amount of fuel that travels through the 
bottom-loading stub. You manually operate this valve to create backflow. 

Level-control monitor override button  
In the event the tank is completely full and the scully system halted operations, a level control 
monitor override button (V–56) allows the operator to override the bottom loader valve. It is located 
on the left rear of the bumper and is a normally closed push-button type. When the operator pushes 
the override, air pressure is directed to what is known as the “power piston” or right side of (V–63). 
Supplying air to this side of the valve overrides the spring pressure by the air pressure on the backside 
of the piston, thus opening the valve. 

Thermal-relief valves 
Incorporated into the system are two thermal-relief pilot valves and two thermal-relief check valves. 
When the vehicle is not in use and temperatures on the outside are high, thermal pressure will build 
up within the bottom-loading stub. Thermal-relief valves ensure that the piping and seals within the 
stub do not rupture. 

Check valve 
The bottom-loading system is full of safety features, to include a check valve (V–76). V–76 provides 
a backup for air to exhaust if (V–37) malfunctions. This check valve, connected to the delivery port of 
(V–37), ensures that the air pressure applied to (V–63) during bottom-loading exhausts, so that the 
valve will close and no accidental fuel spill occurs. 

213. Troubleshooting and maintenance of the bottom-loading system  
Troubleshooting this system correctly, as with any system, is absolutely critical. If you have any 
doubt, refer to the appropriate technical order for guidance. 

Inspection 
This visual inspection covers three general areas; the valves, pressure hoses, and intake stub. The 
following table has instructions for the inspection of each area: 

Area Instructions 
Valves Check all valves for proper operation, leaks, and corrosion. 
Pressure hoses Inspect the air and fuel pressure lines and hoses that supply 

the bottom-loading system for security of mounting, cracked 
fittings, deterioration, and leakage. Check for hose wear and 
weather cracking. 

Intake stub Inspect the intake stub for corrosion and leakage. Check the 
receptacle for proper movement, O-ring wear, and leakage. 

Troubleshooting and maintenance 
When making repairs to the bottom-loading system valves, always refer to the technical manual for 
guidance. The following troubleshooting chart is not a complete chart of all problems you will 
encounter. Always check the technical manual when diagnosing a problem. 
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Trouble Possible Cause Action/Solution 
Bottom-loading system 
inoperative. 

Bottom-loading butterfly valve 
control (V–64) closed.  

Manually open bottom-loading butterfly control 
valve (V–64). 

 Defective bottom-loading valve 
(V–63). 

Remove, inspect, repair, or replace as required. 

 Defective solenoid (V–57). Use a voltmeter and check for 12-volts, DC 
between the black (+) and black (-) 
connections. If voltmeter does not read 12-volt 
DC, solenoid (V–57) is defective. Replace 
solenoid. If the voltmeter reads 12-volts DC, 
disconnect control line Y–202 and check for air 
pressure. Air pressure should be evident with 
vent opened. Reconnect control line. 
Disconnect control line Y–177 and check for air 
flow through solenoid. If there is no air flow or 
air leaks out of vent port, replace solenoid (V–
57). 

 Defective bottom-loading vent 
valve (V–55). 

Disconnect control line Y–165 and check for air 
pressure. If air pressure is evident, diaphragm 
on bottom-loading vent valve (V–55) is ruptured 
or damaged. Repair or replace bottom-loading 
vent valve (V–55). 

Cannot connect nozzle 
to bottom-loading 
adapter (A2). 

Defective or dirty bottom- 
loading adapter (A2). 

Inspect for worn or damaged locking lugs on-
loading adapter. Remove and replace adapter. 

Bottom-loading adapter 
(A2) leaking from 
mounting flange. 

O-ring seal damaged. Remove and replace O-ring seal. 

Constant air bleed from 
vent port of bottom-
loading interlock valve 
(V–60). 

Damaged seals in valve. Replace bottom-loading interlock valve (V–60). 

214. Overfill prevention system   
The overfill prevention system is a level detection system designed to prevent overfilling of the 
refueler tank and spillage of fuel. The system consists of two tank-mounted sensors, a control monitor 
assembly, electrically operated solenoid air valves, a power module, a dual receptacle connector 
assembly, control panel-mounted indicator lights and the electrical lines and conduit used to connect 
the main components together. 

The overfill prevention system is designed to operate as a stand-alone system and as the sensor for a 
fill stand controlled overfill prevention system. When a fueling hose is connected to the tank bottom 
loading adapter, or when the selector valve is set to DEFUEL, air pressure is sent to the power 
module, activating a pressure switch which turns on the overfill protection system. As a stand-alone 
system, the higher of the two sensors detects the liquid level when it nears the top of the tank. When 
this happens, the control module signals the solenoid valve to close. This closure shuts off the air 
pressure to the bottom-loading pilot valve causing the bottom-loading valve to close and stop the tank 
filling operation.  

When the operator connects the refueler to a fillstand system through one of the dual-receptacle 
socket connectors, the signal from the lower of the two sensors causes the control unit to signal the 
fillstand control valve to close and stop fuel flow to the refueler. The higher sensor acts as a backup 
for the fill stand sensor. If the fuel flow continues after the fill stand is signaled by the lower sensor, 
the upper sensor will activate and cause the bottom-loading valve to close stopping fuel flow into the 
tank. 
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Fuel-level sensor testing 
To verify if the fuel sensors are functioning properly, have a qualified operator perform a bottom-
loading procedure and observe if fuel flow stops at the proper level. If fuel flow does not stop with 
the higher sensor completely covered, stop bottom-loading fuel flow immediately and perform the 
following checks: 

• Ensure wire connections are secure and connected properly.  
• Repair as necessary. 
• Recheck position of sensors. Reposition as necessary. 

 
Figure 3–5. Fuel-level sensor and holder. 

Fuel-level sensor replacement 
The fuel sensors, mounted just to the rear of the top service cover, are not repairable. Perform the 
following procedure to replace either sensor: 

1. Properly ground the refueler. 
2. Refer to figure 3–5 and remove the screws (1), lockwashers (2), and cover (3). Be sure to 

retain the O-ring. 
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3. Tag and disconnect the sensor electrical leads (5) from the harness leads (6). 
4. Make a mark (9) on the defective sensor at the top of the holder (11) 
5. Loosen the lock screw (7), then pull the sensor (8) up and out of the holder (11). 
6. Remove the O-ring (10) from the holder (11). 
7. Measure distance “A” from the tip of the defective sensor to the mark made in step 4. 
8. Make a similar mark on the replacement sensor at the same distance measured on the 

defective sensor. This will ensure the replacement sensor will be in the same position. 
9. Check the O-ring (10) for cuts or any damage. Obtain a replacement if any damage is evident. 
10. Lubricate the O-ring (10) with a thin film of petroleum jelly, and then install it in the groove 

of the holder (11). 
11. Slide the replacement sensor (8) into the holder to the reference mark and tighten the lock 

screw (7). 
12. Connect the sensor electrical leads (5) to the harness leads (6). 
13. Install the cap (3) and secure with screws (1) and lockwashers (2). 
14. Disconnect the truck from ground. 

Self-Test Questions 
After you complete these questions, you may check your answers at the end of the unit. 

212. Bottom-loading system components and operation  
1. What does the bottom-loading adapter (A2) provide for? 

2. Why does the refueling tank need to vent? 

3. What is the purpose of the pressure switch located inside of power module (PM–1)? 

4. Where does the power module (PM–1) receive power from? 

5. How does the fuel-level sensor (FLS–1) sense the fuel level in the tank? 

6. What controls the bottom-loading valve (V–63)? 

7. What is the purpose of the thermal-relief valves? 
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213. Troubleshooting and maintenance of the bottom-loading system 
1. List the possible causes if the bottom-loading system is inoperative. 

2. How do you check for a defective solenoid (V–57)? 

3. How do you correct worn or damaged locking lugs on the bottom-loading adapter (A2)? 

4. What causes the vent port of the bottom-loading interlock valve to constantly leak air? 

214. Overfill prevention system 
1. How do you verify if the fuel-level sensors are operating properly? 

2. Where are the fuel-level sensors located? 

3. Why should you mark the fuel-level sensor when replacing it? 

3–2. Bypass System  
In this section, you will study the bypass system on the Kovatch R–11 refueler. The primary purpose 
of any bypass system is to control system fuel pressure by returning excess fuel back to the tank 
during all modes of operation. 

215. Bypass system components and operation  
In this lesson, you will cover the bypass servicing system (fig. 3–6) on the Kovatch R–11 refueler. 
The primary purpose of any bypass system is to control system fuel pressure by returning excess fuel 
back to the tank during all modes of operation. 
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Figure 3–6. Kovatch R–11 bypass system. 

Tank emergency shut-off valve  
The first component covered in the bypass system is the tank emergency shut-off valve (V–2). The 
shut-off valve is a normally closed air-operated piston valve, centered under the tank, and controlled 
by air pressure from (V–14) when you actuate the deadman. The valve ensures fuel supply to the 
pump is shut off when the truck is not in use. 

Y-strainer 
From (V–2) fuel travels, with contaminates that are in the fuel tank, to the Y-Strainer (YS–1). The  
4-inch cylindrical screen is a 40-mesh filter that prevents large particles from entering the pump and 
damaging the impeller. The strainer is located on the suction side of the pump. 

Pump  
To maintain a steady flow rate of 600 gallons per minute (gpm), the pump (P–1), attaches to the PTO. 
The pump is a 4-inch single-stage, centrifugal impeller-type pump. 

Pump-shutoff valve 
Sometimes it may be necessary to remove the pump for maintenance. To ensure the least amount of 
fuel spillage, and to add a safety feature for large spills, a pump-shutoff valve (V–20), attaches to the 
outlet side of the pump piping. Use this manually operated butterfly valve for pump maintenance. 

NOTE: It is wise not to rely just on (V–2) and (V–20) to hold the 6,000 gallons of fuel in the tank. 
Thus, before pump removal, drain the fuel tank when possible. 

Venturi  
During the pumping process, you must visually check several pressures to ensure proper operations. 
One of these pressures is the pressure at the single-point nozzle. Since it is not feasible to connect a 
gauge to the nozzle, a simulated pressure is taken from the venturi (fig. 3–7). The venturi (V–11) 
connects in the piping after the meter.  
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Figure 3–7. Venturi. 

Nozzle-pressure gauge 
The nozzle-pressure gauge (G–3) (fig. 3–6) reads the pressure taken from the venturi. Located on the 
main control panel, this gauge reads from 0 to 100 pounds per square inch (psi). 

Pump-pressure gauge 
Another gauge that is important to ensure proper operations is the pump pressure gauge (G–2) 
Located on the main control panel this gauge indicates 0 to 200 psi. It reads the pressure from the 
outlet side of the pump. 

Bypass control valve  
The bypass control valve (V–13), shown in figure 3–8 and 3–9, maintains system pressure in all 
modes of operation. The valve controls pressure by providing a path for excessive pressure to return 
to the tank. This valve is a 4” liquid-controlled piston valve located in the rear of the canbox behind 
the filter separator. Four regulators, two pilot valves and a needle valve control this valve. 

 
Figure 3–8. Bypass-control valve closed.  

 
Figure 3–9. Bypass-control valve open. 
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Bypass control needle valve  
The bypass control needle valve (V–12), shown in figure 3–10, is a variable orifice needle valve that 
controls the closing speed of (V–13). This manually adjusted needle valve is set at a standard two and 
one-half turns out, once fully seated. The needle valve controls the closing speed by allowing a 
certain amount of fuel trapped on the backside of the piston valve to relieve through the needle valve, 
thus causing the spring pressure within the valve to close it. 

The bypass system controls pressures in many ways. It is essential that pressures within the system 
maintain steady rates. Serious damage or spillage can occur if the bypass system does not maintain 
operating pressures. The nozzle pressure is one of the most crucial pressures to regulate. Too high of 
a pressure at the nozzle could damage it or even worse, damage the aircraft being serviced. Too low 
of pressure will not provide the needed pressures to service the aircraft properly. 

 
Figure 3–10. Bypass-control needle valve. 

Nozzle pressure-regulating pilot valve  
Shown in figure 3–11, the truck has a nozzle pressure-regulating pilot valve (V–5) to control the 
nozzle pressure. This regulator controls the nozzle pressure by opening (V–13) when pressure sensed 
at the venturi reaches 50–51. Located under the main control panel, this regulator is a normally closed 
adjustable type valve. 
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Figure 3–11. Regulating valve. 

Secondary nozzle pressure-regulating pilot valve 
In the event (V–5) fails, a secondary nozzle pressure-regulating pilot valve (V–7) takes over. This 
too, is a normally closed adjustable regulator, located behind the main control panel. The purpose of 
the valve is to backup (V–5) and open (V–13) when pressure sensed at the venturi reaches 53 to 54 
psi. 

Low-flow pressure-regulating pilot valve  
The low-flow pressure-regulating pilot valve (V–6), regulates pump pressure to 60 psi during low 
flow operations. This regulator is a normally closed adjustable regulator and senses pump pressure at 
the outlet side of the pump.  
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Low-flow lockout pilot valve  
The low-flow lockout pilot valve (V–15), shown in figure 3–12, locks out (V–6) to guarantee the 
system does not operate at low flow conditions while in high-flow mode. This valve is a N/O pilot 
valve that closes by air pressure from (V–14) during high flow and its purpose is to prevent (V–6) 
from operating in high flow mode. 

 
Figure 3–12. Normally open pilot valve. 

High-pressure-regulating pilot valve 
Located next to V–7 under the main control panel, the normally closed, adjustable high-pressure-
regulating pilot valve (V–8), regulates the pressures in high flow mode. It controls maximum pump 
pressure anytime it senses 160 psi at the outlet of the pump. 

Check valve 
Located in the bottom front of the tank, check valve (V–20) ensures fuel does not reenter the bypass 
system. The check valve is a 4-inch inline swing gate-type check valve. 
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Defuel-lockout pilot valve  
The final component of the bypass system is the defuel-lockout pilot valve (V–17). This valve 
attaches to (V–13). Air pressure from (V–14) controls this valve during defuel mode. The purpose of 
this valve is to apply a hydrostatic lock on (V–13) by blocking the bleed off path in defuel mode. 

216. Bypass system adjustment  
If the nozzle-pressure gauge (G–3) reads high or low, you may need to adjust the nozzle-pressure-
regulating pilot valves. Remember to always consult the appropriate technical order and follow all 
safety precautions before making any adjustments. 

Set up refueler to operate in high-flow mode. Unwind deadman hose and deadman control to desired 
length. Move tank vent control valve (V–44) to the OPEN position. Close the hose reel control valve 
and remove crimped seals. Loosen jam nuts from preset adjusting stems on nozzle pressure-regulating 
pilot valves (V–5) and (V–7). Activate the deadman control and increase engine speed to 1,100 
revolutions per minute (rpm). 

NOTE: Turning the stem counterclockwise decreases pressure, turning stem clockwise increases 
pressure. 

Slowly turn adjusting stems on nozzle pressure-regulating valves (V–5) and (V–7) clockwise until 
nozzle pressure gauge (G–3) reads 60 psi. After you complete this, adjust stem on nozzle pressure-
regulating valve (V–7) counterclockwise until gauge (G–3) reads 53 to 54 psi. Now, adjust stem on 
the nozzle-regulating valve (V–5) counterclockwise until gauge (G–3) reads 50 to 51 psi. 

After adjusting both valves, increase engine speed to 1,500 rpm. Observe pressure on gauge (G–3). 
Pressure should read 50 to 51 psi. The nozzle pressure-regulating valve is adjusted properly if 
pressure remains steady in this range. Tighten jam nuts on valve stems and reseal valves. 

This concludes the adjustment of nozzle pressure-regulating valves (V–5) and (V–7). Complete the 
procedure by following step-by-step procedures in the technical order. 

Self-Test Questions 
After you complete these questions, you may check your answers at the end of the unit. 

215. Bypass system components and operation  
1. What is the purpose of the bypass system? 

2. Which valve ensures fuel supply to the pump is shut off when the truck is not in use? 

3. List the two gauges located on the main control panel. 

4. What component controls the closing speed of the bypass control valve (V–13)? 
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5. What is the standard adjustment on the bypass control needle valve (V–12)? 

6. Why is it important for the bypass system to maintain steady operating pressures? 

7. Which valve is the secondary nozzle pressure-regulating pilot valve (V–7) the backup for? 

8. Which valve locks out the low flow pressure-regulating pilot valve (V–6)? 

9. Which valve controls maximum pump pressure anytime it senses 160 psi at the outlet of the 
pump? 

216. Bypass system adjustment 
1. When may you need to need to adjust the nozzle pressure-regulating pilot valves? 

2. What action do you take before making adjustments to the nozzle pressure-regulating pilot 
valves? 

3. Before adjusting nozzle pressure-regulating pilot valves, what speed should you set the engine 
rpm at? 

4.  Which way do you turn the adjusting stems on the nozzle pressure-regulating pilot valves to 
decrease pressure? 

5.  After adjusting both nozzle pressure-regulating pilot valves, what pressure should gauge (G–3) 
read? 

6. What do you do to the nozzle pressure-regulating pilot valves after making proper adjustments? 
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3–3. Mainline System 
The mainline system controls the fuel flow from the filter separator to the hose reel system in all 
modes of operation. As discussed earlier, the bypass system controls the pressure in all modes; this 
system controls the flow of that pressure. Reference figure 3–13, as you cover each component of the 
mainline system. 

 
Figure 3–13. Kovatch R–11 mainline system. 

217. Mainline system components and operation  
This lesson covers the mainline system associated with the Kovatch R–11 refueler. Your knowledge 
of these components and how they operate will help you determine causes of malfunctions in the 
mainline system. 

Filter separator 
The filter separator is a large, cylindrical aluminum-shaped canister with a four-inch inlet and a four-
inch outlet. The purpose of the filter separator (FS–1) is to house the first- and second-stage filter 
assemblies and collect water from the fuel. The first-stage filter is also known as the coalescer. It is a 
replaceable paper element with a chemically treated paper outside. Its purpose is to filter solid 
contaminates from the fuel and treat the water to form it into water globules. The separator is the 
second-stage filter located inside of the filter housing. The filter is Teflon coated, 100-mesh screen 
used to separate the water globules from the fuel. 
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Air eliminator valve 
The air eliminator valve (V–25), located on top of the filter separator, relieves trapped air inside the 
filter separator, when fuel flows into the filter housing. Relieving the trapped air prevents surging in 
the system. This valve is a float-type valve with a return line directly to the tank. 

Water slug valve 
It is imperative that water does not enter the fuel system of an aircraft serviced by the R–11. To 
ensure this, the chemicals on the filter separator cause water to form globules and drop to the bottom 
of the filter housing. The water collects in the bottom of the filter separator and when the water level 
rises, this raises the float water slug valve (V–24), which is a two-position rotary air valve. When the 
float is in the top position, it stops airflow to the water slug pilot valve (V–30), placing a hydrostatic 
lock on flow control valve (V–27). The slug valve has a manual override that operators and 
mechanics use to test float operation. 

Filter separator drain valve 
Once the water in the filter separator is full, you can manually drain the water through the filter 
separator drain valve (V–49). The drain valve is a manually controlled ball valve located on the 
bottom of the filter separator. 

Differential pressure gauge 
The system has a differential pressure gauge (G–1) incorporated in the system that indicates the 
condition of the coalescer (first-stage) elements. The gauge, located on the main control panel, is 
controlled by fuel pressure from the inlet and outlet of the filter separator. 

Tank-vent valve 
The tank-vent valve (V–4) is a normally closed air operated piston valve, with an internal check valve 
used to vent the tank in all modes of operation. Located on top of the top service cover, the tank vent 
valve is controlled by air pressure from (V–44). 

Flow control valve 
The flow control valve (V–27) shown in figure 3–14, is a four-inch, normally closed, liquid-
controlled piston. The flow control valve controls fuel flow during all modes of operation. Located 
below the servicing hose reel, this valve is controlled by three pilot valves, two regulators and a 
needle valve. 

 
Figure 3–14. Flow control valve. 
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Water-slug pilot valve  
During operations, if the slug valve closes and stops air pressure to the water-slug pilot valve, the 
water-slug pilot valve (V–30), which is normally closed, will open, causing a hydrostatic lock to be 
applied to the flow control valve (V–27). The water-slug pilot valve is located below and to the right 
of the servicing hose reel. 

Interlock pilot valve 
To ensure there is no fuel flow in the system before the tank-vent valve (V–4) opens and deadman 
actuated, the interlock pilot valve (V–31), shown in figure 3–15, holds a hydrostatic lock on the flow 
control valve (V–27). This is a normally closed pilot valve controlled by deadman air pressure. 

 
Figure 3–15. Normally closed pilot valve. 
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High-flow regulator 
The high-flow regulator (V–9), shown in figure 3–16, regulates fuel-flow rate to 625 gallons per 
minute, during high-flow mode. Controlled by fuel pressure from the inlet and outlet of the venturi, 
the high-flow regulator is a differential pressure regulator. This regulator is different from all of the 
rest because it is always open. When pressure is lost at the outlet of the venturi, the high-flow 
regulator closes, allowing the reaction time to release the deadman stopping fueling operations. When 
the high-flow regulator closes, the fuel bleed off from flow control valve (V–27) stops, thus causing 
the flow control valve to hydrostatically lock. 

 
Figure 3–16. High-flow regulator (V–9). 

Low-flow regulator 
The low-flow regulator (V–10) controls the low-flow rate to 100 gpm per hose. Located below the 
meter, the low-flow regulator is controlled by the closing of the high-flow lock-out pilot valve (V–
16), in the low flow mode. 

High-flow lock-out pilot valve 
The high-flow lock-out pilot valve (V–16) is a normally open pilot valve, attached to (V–13). This 
valve forces a controlled bleed-off of the hydrostatic lock, on flow control valve (V–27), through low-
flow regulator (V–10), in the low-flow mode. The high-flow lock-out pilot valve is controlled by 
deadman air pressure from the selector valve in low-flow mode. 

Check valves 
Installed on the bypass piping is a ¾-inch check valve (V–26). This check valve prevents fuel from 
traveling back into the filter separator. Another check valve (V–28), located on flow control valve 
(V–27) prevents fuel from traveling back into the mainline system. 
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Flow-control needle valve  
An adjustable orifice flow control needle valve (V–29), controls the closing speed of the flow control 
valve (V–27) and adjusts to a standard two and one-half turns out, once fully seated. The flow control 
needle valve is attached to the flow control valve (V–27). 

Thermal-relief pilot valve 
Thermal-relief pilot valve (V–18) is a normally open pilot valve attached to flow control valve (V–
27). The thermal-relief pilot valve prevents operation of the thermal-relief check valves, during 
pumping operations. Air pressure from the tank vent control valve (V–44) controls this valve. 

Thermal-relief check valve 
The thermal-relief check valve (V–19) is a 1/8-inch, one-way check valve, located to the right of the 
servicing hose reel. This thermal relief check valve relieves thermal buildup within the servicing hose 
and hose reel, when the truck is not in use.  

Thermal-relief check valve 
The thermal-relief check valve (V–40) is a 1/8-inch, one-way check valve, located just below (V–39). 
This thermal-relief check valve relieves thermal buildup within the auxiliary hose and hose reel when 
the truck is not in use. 

Thermal-relief check valve  
The thermal-relief check valve (V–47) is a 1/8-inch, one-way check valve, located behind the main 
control panel. This valve relieves thermal buildup in the supply piping, when the vehicle is not in use. 

 218. Mainline system adjustments  
Before making any adjustments on the mainline system, always consult the appropriate technical 
order and follow all safety precautions. 

Adjusting high-flow regulator (V–9)  
Set up refueler for high-flow operation. Activate the deadman and rotate auxiliary engine throttle 
counterclockwise to increase engine speed to 1,800 rpm, with a fuel rate of 600 to 625 gallons per 
minute (gpm). The next step is to slowly turn adjusting stem on high-flow regulator counterclockwise 
until pump pressure gauge (G–2) indicates an increase in pressure and the meter register indicates a 
decrease in gpm. Now, adjust the stem clockwise until pump pressure gauge indicates an increase in 
pressure and the meter register indicates an increase in gpm. Adjust the stem on the regulator until the 
meter register indicates a fuel flow of 600 to 625 gpm. Tighten jam nut on the stem and reseal the 
valve. 

This concludes the adjustment to the high-flow regulator. Remember to always follow the step-by 
step procedures in the technical order. 

Adjusting low-flow regulator (V–10) 
Set up refueler for low-flow operation. Activate the deadman and rotate auxiliary engine throttle 
counterclockwise to increase engine speed to 1,000 rpm. Slowly turn adjusting stem on low-flow 
regulator clockwise or counterclockwise until the nozzle pressure gauge (G–3) indicates 18 psi. Fuel 
flow should be 100 gpm. Adjust low-flow regulator until a 100 gpm, plus or minus 5 gpm. Tighten 
jam nut and reseal valve. 
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Self-Test Questions 
After you complete these questions, you may check your answers at the end of the unit. 

217. Mainline system components and operation  
1. What is the purpose of the filter separator (FS–1)? 

2. How is the differential pressure gauge (G–1) controlled? 

3. What type of valve is the flow control valve (V–27)? 

4. What is the purpose of the high-flow regulator (V–9)? 

5. What type of regulator is the high-flow regulator (V–9)? 

6. What is the purpose of the low-flow regulator (V–10)? 

7. What does the high-flow lock-out pilot valve (V–16) do? 

8. Which check valve prevents fuel from traveling back into the mainline system? 

9. What valve prevents operation of the thermal-relief valves, during pumping operations? 

218. Mainline system adjustments 
1. What do you do before making any adjustments on the mainline system? 

2. How many gallons per minute should the meter register when adjusting the high-flow regulator? 

3. At what engine speed do you adjust the low-flow regulator? 
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4. What should the pressure reading on gauge (G–3) read when adjusting the low-flow regulator? 

5. How many gallons per minute do you adjust the low-flow regulator to? 

3–4. Defuel System 
Many of the same components of the bottom loading system are part of the defuel system. These 
components include: Shuttle valve (V–73), power module (PM–1), multicept socket (MS–1), level 
control module (LCM–1), fuel-level sensor (FLS–1), shuttle valve (V–74), solenoid (V–57) and 
solenoid (V–37). For more information on these components, refer back to the bottom-loading lesson. 
Reference the defuel system shown in figure 3–17 when covering the following components. 

 
Figure 3–17. Kovatch defuel system. 

219. Defuel system components and operation  
The defuel system on the Kovatch R–11 removes fuel from an aircraft. The system filters fuel, 
removing contaminants that could be redispensed into another aircraft. The meter accounts for the 
fuel as it passes through. 

Defuel actuator 
The first component specific to the Kovatch defuel system is defuel actuator (V–70). The purpose of 
the defuel actuator is to open defuel-pilot valve (V–71), when actuated. The defuel actuator is an air-
operated actuator located on the rear canbox floor and controlled by air pressure from (V–14) in 
defuel mode.  

Defuel-pilot valve 
Defuel-pilot valve (V–71) is a normally closed pilot valve, connected directly to defuel actuator (V–
70). When the defuel-pilot valve opens, it directs air pressure to the shuttle valve (V–36).  
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Defuel-shutoff butterfly valve  
Remember that having the fuel from the aircraft filtered and metered is essential for cleanliness and 
accountability. The three-inch, normally open defuel shutoff butterfly valve (V–34) ensures that the 
fuel makes its way back to the tank and not back to the servicing hose reel. The valve closes by air 
pressure from the selector valve and connects in the piping, just after the outlet of the venturi (V–11). 

Defuel-return butterfly valve 
The defuel-return butterfly valve (V–35) is a normally closed two-inch butterfly valve located behind 
the main control panel. This valve provides a path for fuel to return to the tank during defuel mode. 
Air pressure from the defuel pilot (V–71) or (V–38) controls the return butterfly valve. 

Shuttle valve 
The shuttle valve (V–36) purpose is to isolate the defuel override system from the defuel system. It is 
connected to the defuel-return butterfly valve (V–35). 

Shuttle valve 
The shuttle valve (V–54) purpose is to isolate the defuel system from the high-flow and low-flow 
modes. It is located behind the control panel attached to (V–53). 

Defuel-override control valve 
When refueling specialists, also known as petroleum, oil, and lubricants (POL) operators, require 
taking samples of fuel within the vehicle, they must rotate the fuel internally to take an accurate 
sample. The defuel-override control valve (V–38) directs air pressure to the defuel-return butterfly 
valve to provide a means of rotating fuel for sampling. Additionally, this normally closed, manually 
operated toggle valve, is located on the main control panel. It directs air pressure to the defuel-return 
butterfly valve (V–35), providing a means of rotating fuel when the tank is full. 

Defuel-suction butterfly valve 
The defuel-suction butterfly valve (V–33) provides a path for fuel from the servicing hose to the 
suction side of the pump during defuel. This is necessary because defueling fuel from the aircraft 
requires the same hose and piping as the servicing modes. This valve is a normally closed, three-inch 
butterfly valve, located on the rear of the canbox and is controlled by the air pressure from the 
selector valve (V–14) in defuel. 

Defuel-lockout pilot valve 
Attached to the side of bypass control valve (V–13) is the defuel-lock out pilot valve (V–17). In 
defuel mode, the defuel-lock out pilot valve (V–17) blocks bleed-off path of the hydrostatic lock on 
bypass control valve (V–13), ensuring all fuel is filtered and metered before returning to the tank. Air 
pressure from the selector valve controls this normally open pilot valve.  

Defuel-priming control valve  
The defuel-priming control valve (V–1) is a normally closed, manually operated, toggle valve located 
on the main control panel. In defuel mode, when actuated, it directs air pressure to open the tank 
emergency shutoff valve (V–2), to prime the pump. 

Check valve 
The last component in the defuel system is the four-inch check valve (V–3). This inline-swing gate 
valve is between the emergency shutoff and the suction side of the pump. It prevents the fuel from 
bypassing the pump when aircraft assist pumps are being used. 
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220. Troubleshooting and maintenance of the defuel system  
When making repairs to the defuel system, always refer to the technical manual for guidance. The 
following troubleshooting chart is not a complete chart of all problems you will encounter. When 
diagnosing a problem, always check the technical manual. 

Trouble Possible Cause Action/Solution 

Defuel system 
inoperative. 

Tank vent will not open. Troubleshoot tank vent in accordance with TO 
36A12–13–17–92, Fuel Servicing Tank Truck. 

 Three-inch, normally closed, 
butterfly valve (V–33) is not 
open. 

a) Disconnect air pressure control line Y–131 
and check for air pressure. If air pressure is 
evident, repair or replace butterfly valve (V–33). 
b) Check position indicator on actuator for 
OPEN position. Close valve manually and 
release. Recheck position again. If problem still 
exists, repair or replace butterfly valve (V–32). 

Low-pump 
discharge and 
nozzle pressure 
with above 
normal fuel flow 
in defuel mode. 

Defective three-inch butterfly 
control valve. 

a) Check travel bolt on opposite side of control 
line Y–130 for proper adjustment. Adjust travel 
bolt until butterfly valve (V–34) is closed. 

b) Check position indicator on actuator for 
CLOSED position. Open valve manually and 
release. Recheck position again. If problem still 
exists, repair or replace butterfly valve (V–34). 

c) With zero pressure on fuel and air systems, 
manually close butterfly valve (V–34) and 
check for spring pressure. If there is no spring 
pressure, replace defective spring. 

Cannot circulate 
fuel internally for 
fuel sampling 
with a full fuel 
tank. 

Defective defuel override 
control valve (V–38). 

Disconnect air pressure control line Y–115 and 
actuate defuel-override control (V–38). If there 
is not air flow out of valve, replace defuel-
override control valve (V–38). 

Pump discharge 
and nozzle 
pressure rise 
together or 
increase in rpm 
in all modes 
except in defuel. 

Defective defuel lockout pilot 
valve (V–17). 

Disconnect air pressure control line Y–130 and 
check for air pressure. If air pressure is evident, 
butterfly valve (V–34) may be defective. Repair 
or replace butterfly valve (V–34). 

Self-Test Questions 
After you complete these questions, you may check your answers at the end of the unit. 

219. Defuel system components and operation 
1. What is the purpose of the defuel system? 

2. What is the purpose of defuel actuator (V–70)? 

3. What does the defuel-shutoff butterfly valve (V–34) ensure?  
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4. Why does the defuel-override valve (V–38) direct air pressure to the defuel-return butterfly 
valve? 

5. What is the purpose of the defuel-suction butterfly valve (V–33)? 

6. What component prevents the fuel from bypassing the pump when aircraft assist pumps are being 
used? 

220. Troubleshooting and maintenance of the defuel system  
1. What action do you take if the defuel system is inoperative when you find the three-inch butterfly 

valve (V–33) is not open? 

2. What is the probable cause if the defuel system has low-pump discharge and nozzle pressure, 
with above normal fuel flow, in defuel mode? 

3. What is the probable cause if you cannot circulate fuel internally for fuel sampling? 

4. After disconnecting air pressure control line on the defuel-lockout pilot valve, what would 
indicate a defective-butterfly control valve? 

3–5. Fuel-Flow Meter Testing and Calibration 
The fuel meter (or register) assembly measures the amount of fuel being put into or taken out of an 
aircraft. The following paragraphs discuss testing and calibrating the meter. 

221. Testing the meter/register 
Perform the following procedures to prepare the refueler for testing of the Meter/Register assembly: 

a. Have a qualified operator fill the cargo tank through the bottom loading adapter with 1,500 
gallons of fuel, then disconnect the external fueling source from the bottom-loading adapter. 
Perform the following procedures to slowly fill filter/separator and allow internal pressure to 
rise to normal operating pressure: 

(1) Connect the fuel-servicing nozzle to the bottom-loading adapter. 
(2) With engine at idle speed, activate the deadman switch and observe the meter. When 

the meter starts to register flow, the filter/separator is full. 
b. Bring flow down to normal operating pressure by using the bottom-loading butterfly valve 

V–64 and watching the nozzle pressure gauge. 
c. Check piping connections for leaks. 
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d. To test the accuracy of the meter/register, dispense a set amount of fuel and compare it to the 
same amount of fuel dispensed through another meter of known accuracy. 

222. Meter/register programming 
If testing indicates the need for adjustment of the register, refer to figure 3–18 and follow these steps 
to access the programming menu. 

a. Rotate the program mode selector switch (16) 90° clockwise to the program position. This 
will cause “CAL 0” to appear on the register display. The two push buttons (17 and 18) can 
then be used to enter programming information. 

 
Figure 3–18. Meter/register. 

b. The left push button (17) functions as two switches. Push the button in to change and 
increment flashing digits. The button can also be rotated 90°. There is a marking on the push 
button to indicate whether it is in the 0° position (rotated up) or the 90° position (rotated 
toward the operator). When the left push button (17) is rotated to the 0° position, depressing 
the button will move the cursor to the right one digit. When you rotate the push button to the 
90° position, depressing the button will increment the flashing digit.  
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ITEM DESCRIPTION PARAMETER VALUE 
CAL 00 Scaled pulse output 1 
CAL 01 Scaling factor Whole numbers before K-factor decimal 

point 
CAL 02 Scaling factor Number after K-factor decimal point 
CAL 03 Cutoff frequency 0.25 
CAL 04 Rate decimal position 1 
CAL 05 Time base for rate 1 
CAL 06 Filter 21 
CAL 07 Decimal point for total display 1 
CAL 08 Total conversion factor 1 
CAL 09 Total conversion factor-

numbers after decimal 
0 

CAL 10 Low-alarm whole numbers 0 
CAL 11 Low-alarm digits after decimal 

point 
0 

CAL 12 High-alarm whole numbers 0 
CAL 13 High-alarm digits after decimal 

point 
50,000 

CAL 14 4-milliamps DC (MADC) output 0 
CAL 15 4-MADC output 0 
CAL 16 20-MADC output 0 
CAL 17 SOFT 20-MADC output Software 

version 
0 

c. The right push button (18) functions only as one switch. Depressing the push button (18) 
saves the displayed CAL step and moves on the next CAL step. All the parameter values 
listed below are factory-programmed into the registers with the exception of CAL 01 and 
CAL 02. Obtain these parameter values from the data plate (15) attached to the meter 
assembly. 

Meter calibration 
To ensure accurate fuel-flow measurement, a corrected scaling factor (or K-factor) must be calculated 
and programmed into the unit parameters Cal 01 and Cal 02. The amount of correction can be 
determined by the ratio of the known volume (prover or master meter) to the actual volume (meter) 
and correcting the existing meter K-factor by this amount. The example formula has an existing K-
factor of 96.35. Be sure to verify the existing K-factor of the meter you are adjusting. 

Example: 
Prover Volume: 1000.00 gallons 
Meter Volume: 999.50 gallons 
Ratio: divide Meter volume (999.5) by Prover volume (1000) = 0.9995 or 99.95% 
Existing K-Factor - 96.35 pulses per gallon 
Ratio % x K-factor = (99.95%) x (96.35) = New K-Factor of 96.30 
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Self-Test Questions 
After you complete these questions, you may check your answers at the end of the unit. 

221. Testing the meter/register 
1. How much fuel should be loaded in the cargo tank when testing the meter? 

2. How do you verify the accuracy of the meter? 

222. Meter/register programming 
1. On the meter-programming menu, what does “CAL 01” represent? 

2. What should you verify when calibrating the meter? 

3–6. Fuel-Hose Maintenance 
The American Petroleum Institute (API) rates fuel hoses. All hoses installed on refuelers must have 
an API rated hose. 

223. Types and inspection requirements for fuel hoses  
There are two types of hose that refueling vehicles use. They are collapsible and noncollapsible.  

Collapsible 
Some refuelers use collapsible hoses for dispensing fuel from the refueler to the aircraft. They are 
relatively lightweight and require careful handling. The use of a collapsible hose is convenient 
because it allows the hose reel to store a longer hose. 

Noncollapsible 
Normally, defueling operations use noncollapsible hose. However, you may find a 11/2-inch 
noncollapsible hose used as a dispensing hose for overwing operations. Defueling operations use 
noncollapsible hose primarily because there is suction involved. Hose carts and hydrant service 
vehicles that connect to a fixed hydrant system use noncollapsible hose. The standard hose, supplied 
on the Oshkosh and Kovatch R–11 refueler, is a 3-inch noncollapsible-type hose. 

Inspections 
Visually inspect hoses before and after each operation. Inspect for cracks, tears, worn spots, bulging, 
and leaks. Also, check for abnormal damage, such as crushing, kinking and excessive end pull. 
Identify superficial damage to the outside of a hose with red paint. Direct special attention to the area 
immediately behind the hose couplings for indications of structure weakness, soft spots, and coupling 
slippage. Repair or replace the hose if you encounter any of these malfunctions. After repair or 
replacement of hose, you must perform a hydrostatic hose test. 

NOTE: You must comply with all inspection and testing requirements and procedures outlined in TO 
37A–1–101, USAF Fuel, Water, and Lubricant Dispensing Equipment. 
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224. Hydrostatic-testing procedures for fuel-dispensing hoses  
To prevent hose failure during a refueling operation, you must hydrostatically test refueling hoses 
before installation on a refueling unit, hydrant hose cart or hydrant hose truck (HHT). New hoses 
usually come certified by the hose manufacture. Test any hose, new or used, that appears defective or 
repaired by cutting and replacement of couplings. A vehicle or cart with two or more hoses should 
have all hoses tested on the same date. Record hose inspections on Air Force (AF) Form 1830, 
Refueling Equipment Hose Installation and Hydrostatic Test Data Record. 

NOTE: Only qualified personnel can perform hydrostatic testing. 

Applications where the working pressure is less than 30 psi need not be hydrostatic pressure tested. 
An example of this is a demineralized water truck. However, if you remove a hose from a water truck 
for installation on a refueler, you must perform a hydrostatic test. Refer to the appropriate technical 
order for testing intervals for different hoses. 

WARNING: Personnel conducting hose testing should wear protective clothing and goggles/face 
shield to protect them from hazards of spraying liquids. Be aware of hose movement when 
pressurizing hoses. 

You must remove the hose from the refueling vehicle before hydrostatic testing. For additional 
information, refer to TO 33A2–2–36–1, Hydrostatic Hose Tester Model No. S–817. Always refer to 
the technical manual before any testing. Here are the hydrostatic testing procedures. 

1. Connect the hose to a hydrostatic hose tester. 
2. Water is the test fluid used for hydrostatic testing of fuel-dispensing hoses. 
3. According to TO 37A–1–101, USAF Fuel, Water, and Lubricant Dispensing Equipment do 

not use demineralized water for hydrostatic testing, due to the lack of lubrication for the 
tester. 

4. Attach one end of the hose to the tester; place a cap on the other end that has a bleed valve to 
bleed the air form the hose. The cap on the end will need to withstand extremely high 
pressures. 

5. Fill the hose through the pump with the capped end elevated and the bleed valve open to 
allow air to escape from the hose. 

6. Place the hose in a straight position with the hose end couplers caged and pressurize it to the 
prescribed pressure for that particular hose. 

7. If the couplings leak, release the pressure and repair them as necessary; then resume testing. 
8. If the hose leaks or balloons, remove it from service and condemn it in accordance with the 

applicable directives. 
9. If the hose proves satisfactory, return it to service. 
10. Drain any residual fluid from the hose after testing is complete. 
11. Flush or circulate 100 gallons of fuel through the hose after installation. 

Self-Test Questions 
After you complete these questions, you may check your answers at the end of the unit. 

223. Types and inspection requirements for fuel hoses 
1. How are fuel hoses classified? 

2. Why is hose collapsibility more convenient? 
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3. Normally, what do you use noncollapsible hoses for? 

4. What size and type of hose do the Oshkosh and Kovatch refuelers use? 

5. What do you look for during visual hose inspections? 

6. How do you identify superficial damage to the outside of a hose? 

7. What action do you take if you find a soft spot behind the hose coupling? 

224. Hydrostatic-testing procedures for fuel-dispensing hoses 
1. On what type of hose do you hydrostatically test before installing the hose on a refueler? 

2. What fluid do you use when you hydrostatic test hoses? 

3. What position do you place the hose in for hydrostatic testing? 

Answers to Self-Test Questions 
212 
1. A secure connection for the single-point nozzle that opens and closes the connection using a poppet valve. 
2. So eruption of the tank walls will not occur. 
3. Control power module-1 during bottom loading and defuel mode. 
4. The ON/OFF switch. 
5. A prism-type optical diode sends electrical signals in a continuous loop until broken by fuel level higher 

than the prism. 
6. Solenoid vale V–37. 
7. Ensure that the piping and seals within the stub do not rupture. 

213 
1. Bottom-loading butterfly valve control (V–64) closed; defective bottom-loading valve (V–63); Defective 

solenoid (V–57). 
2. Use a voltmeter and check for volts between the black positive (+) and black negative (-) connections. 
3. Remove and replace the adapter. 
4. Damaged seals in valve. 
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214 
1. Have a qualified operator perform a bottom-loading procedure and observe if fuel flow stops at the proper 

level. 
2. Just to the rear of the top service cover. 
3. This will ensure the replacement sensor will be in the same position. 

215  
1. To control system fuel pressure by returning excess fuel back to the tank during all modes of operation. 
2. Tank emergency shut-off valve (V–2). 
3. Nozzle-pressure gauge and pump-pressure gauge. 
4. Bypass control needle valve (V–12). 
5. Two and one-half turns out, once fully seated. 
6. Serious damage or spillage can occur. 
7. Nozzle pressure-regulating pilot valve (V–5). 
8. Low-flow lockout pilot valve (V–15). 
9. High-pressure-regulating pilot valve (V–8). 

216 
1. If the nozzle-pressure gauge (G–3) reads high or low. 
2. Consult the appropriate technical order and follow all safety precautions. 
3. 1,100 revolutions per minute (rpm). 
4. Counterclockwise. 
5. 50 to 51 psi. 
6. Tighten jam nuts on valve stems and reseal valves. 

217 
1. To house the first- and second-stage filter assemblies and collect water from the fuel. 
2. By fuel pressure from the inlet and outlet of the filter separator. 
3. Normally closed, liquid-controlled piston. 
4. Regulates fuel-flow rate to 625 gallons per minute (gpm) during high-flow mode. 
5. Differential pressure regulator. 
6. Controls the low-flow rate to 100 gpm per hose. 
7. Forces a controlled bleed-off of the hydrostatic lock, on flow control valve (V–27), through low flow 

regulator (V–10), in the low flow mode. 
8. Check valve (V–28). 
9. Thermal-relief pilot valve (V–18). 

218 
1. Consult the appropriate technical order and follow all safety precautions. 
2. 600 to 625 gpm. 
3. 1,000 rpm. 
4. 18 psi. 
5. 100 gpm, plus or minus 5 gpm. 
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219 
1. To remove fuel from aircraft. 
2. To open defuel pilot valve (V–71). 
3. That the fuel makes its way back to the tank and not back to the servicing hose reel. 
4. To provide a means of rotating fuel for sampling. 
5. Provides a path for fuel from the servicing hose to the suction side of the pump during defuel. 
6. The four-inch check valve (V–3). 

220 
1. Disconnect air pressure control line Y–131 and check for air pressure. If air pressure is evident, repair or 

replace butterfly valve (V–33); Check position indicator on actuator for open position. Close valve 
manually and release. Recheck position again. If problem still exists, repair or replace butterfly valve (V–
32). 

2. Defective three-inch butterfly control valve. 
3. Defective defuel-override control valve (V–38). 
4. If air pressure is evident. 

221 
1. 1,500 gallons. 
2. Dispense a set amount of fuel and compare it to the same amount of fuel dispensed through another meter 

of known accuracy. 

222 
1. Whole numbers before the K-factor decimal point. 
2. The existing K-factor of the meter you are adjusting. 

223 
1. Collapsible and noncollapsible. 
2. Collapsible hose allows the hose reel to store a longer hose. 
3. Defueling operations. 
4. 3-inch noncollapsible-type hose. 
5. Cracks, tears, worn spots, bulging, and leaks. Also, check for abnormal damage, such as crushing, kinking 

and excessive end pull. 
6. With red paint. 
7. Repair or replace the hose. 

224 
1. Any hose, new or used, that appears defective or repaired by cutting and replacement of couplings. 
2. Water. 
3. In a straight position. 
 

Complete the unit review exercises before going to the next unit. 
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Unit Review Exercises 
Note to Student: Consider all choices carefully, select the best answer to each question, and circle 
the corresponding letter. When you have completed all unit review exercises, transfer your answers to 
the Field-Scoring Answer Sheet. 

Do not return your answer sheet to AFCDA. 

20. (212) Which Kovatch R–11 component ensures the tank vents during bottom loading? 
a. Bottom-loading adapter A2. 
b. Bottom-loading interlock valve V–60. 
c. Bottom-loading shuttle valve. 
d. Bottom-loading check valve. 

21. (212) Which Kovatch R–11 valve isolates the bottom-loading vent valve from the selector valve? 
a. Shuttle valve V–73. 
b. Bottom-loading interlock valve V–60. 
c. Solenoid valve V–57. 
d. Solenoid valve V–37. 

22. (212) Which Kovatch R–11 component is a five-wire optic probe-type sensor? 
a. On/off switch. 
b. Power module. 
c. Fuel-level sensor. 
d. Multicept sockets. 

23. (212) On the Kovatch R–11, what type of valve is the bottom-loading valve V–63? 
a. Normally-open, pressure-controlled piston valve. 
b. Normally-open, liquid-controlled piston valve. 
c. Normally-closed, liquid-controlled piston valve. 
d. Normally-closed, pressure-controlled piston valve. 

24. (213) What would be the cause if the Kovatch R–11 bottom-loading system were inoperative? 
a. Dirty bottom-loading vent. 
b. Defective bottom-loading valve. 
c. Defective bottom-loading seal. 
d. Defective bottom-loading adapter. 

25. (213) You correct worn or damaged locking lugs on the Kovatch R–11 bottom-loading adapter by 
a. grinding the locking lugs. 
b. filing the locking lugs. 
c. replacing the adapter. 
d. repairing the adapter. 

26. (214) What should your immediate action be if fuel flow does not stop with the higher level 
sensor completely covered on the R–11? 
a. No action required. 
b. Stop bottom-loading fuel flow. 
c. Run bottom-loading procedure for 30 more seconds. 
d. Repair sensor. 

27. (214) Where are the fuel-level sensors located on the R–11? 
a. On the left side of the tank. 
b. On the right side of the tank. 
c. Just in front of the top service cover. 
d. Just to the rear of the top service cover.  
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28. (215) What gauge on the Kovatch R–11 reads the pressure from the venturi? 
a. Nozzle pressure. 
b. Pump pressure. 
c. Main pressure. 
d. Venturi pressure. 

29. (215) What Kovatch R–11 bypass component controls the closing speed of the bypass control 
valve V–13? 
a. Secondary nozzle pressure-regulating pilot valve V–7. 
b. Nozzle pressure-regulating pilot valve V–5. 
c. Bypass control needle valve V–12. 
d. Venturi V–11. 

30. (215) What Kovatch R–11 bypass system component regulates pump pressure to 60 pounds per 
square inch (psi), during low-flow operations? 
a. Bypass control valve V–13. 
b. Bypass control needle valve V–12. 
c. Low-flow pressure regulating pilot valve V–6. 
d. High-pressure regulating pilot valve V–8. 

31. (215) What kind of valve does the Kovatch R–11 bypass system use to prevent fuel from 
reentering the bypass system? 
a. Ball. 
b. Butterfly. 
c. Check. 
d. Thermal. 

32. (216) On the Kovatch R–11, when may you need to adjust the nozzle pressure-regulating pilot 
valves? 
a. When nozzle-pressure gauge reads high or low. 
b. When pump-pressure gauge reads high or low. 
c. After adjusting venturi needle valve. 
d. After adjusting lock out pilot valve. 

33. (216) What direction do you turn the regulator stem to increase pressure when adjusting the 
Kovatch R–11 nozzle pressure-regulating pilot valves? 
a. Up. 
b. Down. 
c. Clockwise. 
d. Counterclockwise. 

34. (217) The Kovatch R–11 filter separator houses the first- and second-stage filter assemblies and 
collects 
a. large debris. 
b. small debris. 
c. water from the fuel. 
d. micro particles from the fuel. 

35. (217) What Kovatch R–11 mainline system component separates the water globules from the 
fuel? 
a. First-stage filter. 
b. Second-stage filter. 
c. Air eliminator. 
d. Water slug valve. 
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36. (217) What Kovatch R–11 mainline system component holds a hydrostatic lock on flow control 
valve V–27? 
a. Tank-vent valve V–4. 
b. Water slug valve V–24. 
c. Interlock pilot valve V–31. 
d. Filter separator drain valve V–49. 

37. (218) How many gallons per minute (gpm) will the meter register indicate when the Kovatch R–
11 high-flow regulator is adjusted properly? 
a. 500 to 525. 
b. 600 to 625. 
c. 800 to 825. 
d. 900 to 925. 

38. (219) The Kovatch R–11 defuel-system component that directs air pressure to the shuttle valve 
V–36 is the defuel 
a. pilot valve V–71. 
b. butterfly valve V–34. 
c. return butterfly valve V–35. 
d. override control valve V–38. 

39. (219) What Kovatch R–11 defuel-system component ensures fuel is filtered and metered before 
returning to the tank? 
a. Defuel-lockout pilot valve V–17. 
b. Defuel-override valve V–38. 
c. Defuel-suction butterfly valve V–33. 
d. Defuel-priming control valve V–1. 

40. (220) When troubleshooting a defective solenoid lockout pilot valve (V–17), which line do you 
disconnect and check for air pressure? 
a. Y–127. 
b. Y–128. 
c. Y–129. 
d. Y–130. 

41. (221) When testing the meter, how many gallons of fuel should be loaded in the R–11 cargo tank? 
a. 1,000. 
b. 1,500. 
c. 2,000. 
d. 2,500. 

42. (222) What R–11 meter-programming item represents whole numbers before the K-factor decimal 
point? 
a. CAL 01. 
b. CAL 02. 
c. CAL 03. 
d. CAL 04. 

43. (222) What should you verify before adjusting the meter on an R–11? 
a. Year model of the truck. 
b. Type of fuel being dispensed. 
c. Date of last meter adjustment. 
d. Existing K-factor of the meter. 
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44. (223) Superficial damage on the exterior of a refueling hose is identified by 
a. red paint. 
b. a date stencil. 
c. an inspection card annotation. 
d. a date embossed on the metal coupler. 

45. (223) What technical order outlines inspection procedures and testing requirements for fuel 
hoses? 
a. TO 36A–1–112. 
b. TO 37A–1–101. 
c. TO 36–1–121. 
d. TO 38–1–23. 

46. (224) What type of fluid is preferred for hydrostatic testing of fuel dispensing hoses? 
a. Water. 
b. JP–4 jet fuel. 
c. P.D. 680-type II solvent. 
d. The same fluid used when dispensing. 

47. (224) After you complete hydrostatic hose testing, how many gallons of fuel is flushed or 
circulated through the hose? 
a. 100. 
b. 200. 
c. 400. 
d. 500. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Please read the unit menu for unit 4 and continue  



3–38 

Student Notes 
 

 



Unit 4. Expeditionary Fuels Equipment 

4–1. Fuels Support Equipment ........................................................................................................ 4–1 
225. R–14 air-transportable hydrant refueling system ............................................................................... 4–1 
226. R–22 trailer-mounted transfer pump assembly .................................................................................. 4–4 
227. FFU–15E filter separator ................................................................................................................... 4–7 
228. TPI–4T–4A additive injector ............................................................................................................. 4–9 
229. PMU–27M air–transportable trailer-mounted refueling system ...................................................... 4–10 
230. Aerial bulk fuel delivery system ...................................................................................................... 4–12 
231. Fuel bladders.................................................................................................................................... 4–15 
232. Forward-area manifold cart .............................................................................................................. 4–16 

4–2. Fuels Operational Readiness Capability Equipment .......................................................... 4–21 
233. R–18 pumping unit .......................................................................................................................... 4–22 
234. R–19 filter separator unit ................................................................................................................. 4–29 
235. R–20 multiaircraft-servicing platform ............................................................................................. 4–30 

 

ODAY’S AIR FORCE is more agile than ever, deploying to and operating from bases around 
the world. These installations may be fully developed with all the amenities and support 
capabilities of a continental United States (CONUS) assignment, or a bare base with nothing 

more than a runway, a potable water source, and a few tents. When a bare base is established, one of 
the top priorities is providing a fuels initial operating capability. Under these conditions, effective 
fuels management is absolutely essential to meeting mission requirements. In this unit, we discuss the 
fundamentals of two types of expeditionary fuels equipment that you may encounter while deployed. 
We begin with fuels support equipment (FSE), and follow it up with its successor, known as fuels 
operational readiness capability equipment (FORCE). 

4–1. Fuels Support Equipment 
Fuels support equipment is included in the war reserve materiel (WRM) bare base support system, and 
is specially designed to support contingency locations and operations. All USAF FSE is air 
transportable in C–130 or larger aircraft. Other than routine operations for inspection, maintenance, and 
school training, FSE is not used or moved without the approval of Headquarters (HQ) USAF. In this 
section, you will learn about the major items that comprise the FSE system.  

225. R–14 air-transportable hydrant refueling system 
The R–14 air-transportable hydrant refueling system (ATHRS) is the prime item of fuel support 
equipment for the Air Force. It was developed to be capable of receiving, storing, and distributing 
large quantities of fuel to aircraft at remote airstrips. The four advantages of the R–14 system are as 
follows: 

1. Easily deployed. 
2. Quickly operational upon arrival at destination. 
3. Performs various fueling operations. 
4. Three R–14 modules can be transported in one C–130 aircraft. 

The R–14C has the capability of servicing large aircraft like the KC–135 and B–1 at the rate of 600 
gallons per minute (gpm). One module can service two fighter aircraft at one time at a combined flow 
rate of 200 gpm. 

T 
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There are three types of R–14 systems: the R–14A, R–14B, and the R–14C. While all three systems 
are similar, this lesson focuses on the newest of the three models, the R–14C (fig. 4–1). Consult the 
applicable technical orders (TO) for a detailed explanation of the operating and maintenance 
procedures of the R–14A or R–14B ATHRS you may be using. 

 
Figure 4–1. R–14C air-transportable hydrant refueling system. 

Purpose 
The R–14C is a modular, mobile, high-flow, large storage capacity “bare base” fuel system. It 
consists of one servicing module that weighs approximately 10,500 pounds (lb.) without tanks. This 
permits flexibility for use in support of the flying mission. The R–14C is used primarily to service 
aircraft where permanent systems are not available. 

Components 
An R–14C fuel-servicing module has two 50,000-gallon, collapsible, coated-fabric fuel tanks stowed in 
the cradle assemblies on top of the module. By using the winch assembly located on top of the 
module, you can load and unload the fuel tanks, cradles, and hose rack. Fueling hoses are provided in 
various lengths and sizes so that, when the module is coupled with the appropriate adapters and nozzle 
assemblies, a variety of fueling configurations can be provided, such as servicing two fighter aircraft at 
the same time. The fueling assemblies are equipped with cam-lock fittings, female at one end and male 
at the other. All fittings have dust plugs or caps. 

The module pump is driven by a diesel engine. Fuel-defuel manifolds and butterfly valves direct fuel- 
flow from the module. As the fuel is being pumped, a positive-displacement meter measures it. The 
filter separator located in the piping between the pump and the meter assures clean, dry fuel is issued 
to the aircraft or equipment being serviced. The module also contains a deadman control flow and 
pressure system. The components are mounted on a trailer assembly consisting of a welded frame 
assembly supported by a retractable running gear assembly. 

The control panel, deadman control valve and hose reel, function-selector butterfly valves, and other 
controls and indicators for unit operation are arranged across the rear of the trailer for maximum 
operator convenience and efficiency and safety during operation. Two fire extinguishers are mounted 
at the operator position. Let us take a closer look at some of these components. 

Frame assembly 
All major functioning components on the module are mounted on a four-wheel, tandem-axle, spring-
mounted chassis assembly. The chassis incorporates a skid-type base on which the module rests 
during operation. Pneumatic air control knobs or manually operated hydraulic hand pumps pressurize 
hydraulic cylinders on each side of the chassis to raise the entire module to the three mobility 
positions: high, medium, and low. Relief of hydraulic pump pressure allows the module to settle to 
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the retracted position. The high position is used for clearing ramps and other surface obstructions. The 
medium position is normally used for towing the unit over rough terrain. Finally, the low position is 
used towing over smooth surfaces or when it is necessary to clear an overhead obstruction. All major 
functioning components are removable from the chassis assembly for maintenance and/or 
replacement. 

Pump 
A centrifugal, self-priming pump on the module is self-lubricating and delivers 600 gpm at 2,400 
revolutions per minute with a discharge pressure of 110 psi. 

Engine 
The module pump is driven by a multifuel diesel engine. The engine is a three-cylinder, in-line, two-
stroke diesel, with fuel injection. It is rated at 95 horsepower (hp) at 2,800 rpm. It is constructed of a 
steel block and heads, is liquid-cooled, and operates on diesel or jet fuel. The engine operates from 
one 24-volt battery, which makes it a 24-volt, DC electrical system. 

Basket strainer 
The 80-mesh basket strainer is located on the inlet side of the pump. It functions to trap and remove 
large particles of solid contamination from the fuel before it enters the pump and filter/separator. 

Filter separator 
The filter separator incorporates six American Petroleum Institute (API) filter elements and two Teflon 
screen canisters. Together, they remove suspended solid contaminants and water from the fuel. A float 
control valve starts a process that stops fuel flow if the amount of water in the filter/separator gets too 
high. A manual valve is provided to drain water from the sump. A manual vent valve is installed on the 
air eliminator to vent off vapors until the filter/separator is full of fuel. 

Deadman control and pressure system 
The deadman control system consists of a regulator air compressor, air dryer, air receiving tanks, 
three-way valve for switching between flow settings, two pressure regulators (one for high flow and 
one for low flow), quick dump valve, 100 feet of twin weld hose, and associated fittings necessary to 
connect all components. 

The pressure control system consists of a main pressure control valve with a surge-control pilot valve 
and a venturi assembly with needle valve adjustment. There is an adjustable pilot valve for control of 
low flow at 100 gpm, an adjustable pilot valve for limiting high flow at 600 gpm, and an adjustable 
pilot valve for setting nozzle pressure. To switch the control system from high flow to low flow, there 
is an On-Off pilot valve. Additionally, there is another On-Off pilot valve to stop fuel flow in the 
event water in the filter/separator exceeds normal levels. 

Meter 
A positive displacement meter rated at 600 gpm is used to measure fuel output. The meter has a 
totalizer to permit proper accounting when it is being used in field conditions. 

Control panel 
A control box with a weather-tight cover has been installed on the operator’s end of the module (fig. 
4–2). Within the box are all the switches, controls, indicators, and gauges required to start and control 
the engine and pump. The electrical components are hermetically sealed and the entire controlpanel is 
shock mounted to the frame. 
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Figure 4–2. R–14C control panel. 

Refuel/defuel manifold 
The refuel/defuel manifold, located below the control panel, incorporates wafer valves, and inlet and 
outlet connections to set up the module to perform its various functions. Possible selections are: 

• Fuel through one single-point nozzle at 600 gpm at 2,200 rpm. 
• Fuel through two single-point nozzles at 300 gpm each at 2,200 rpm. 
• Fuel through one 2 inch (in) overwing nozzle at rates up to 100 gpm at 1,000 rpm. 

Fuel bladders 
The R–14C is equipped with two 50,000-gallon bladders made of a single-ply, nylon-fabric material 
with reinforced corners. When completely unrolled, a 50,000-gallon bladder measures 24 feet by 65 
feet. 

Each tank is equipped with a fill-discharge assembly at either end of its top surface. Each tank also 
has a tank vent-pipe assembly located on the center of the top surface, which allows the tank to 
breathe and allows for the removal of water. 

Winch 
The R–14C is shipped with 50,000-gallon, collapsible, coated-fabric fuel tanks in the tank cradles. The 
winch is used to remove and install the tank cradles in the vertical member on either side of the upper 
frame assembly. 

226. R–22 trailer-mounted transfer pump assembly 
The R–22 (figs. 4–3 and 4–4) is a self-contained, trailer-mounted pumping unit powered by a multifuel 
diesel engine. It has no filtering or pressure control system, and therefore is not for use in direct aircraft 
servicing, except when used in conjunction with MH–2 series hose carts or an FFU–15E filter 
separator. 
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Figure 4–3. R–22 trailer-mounted transfer pump (front view). 

 
Figure 4–4. R–22 trailer-mounted transfer pump (rear view). 

Purpose 
The R–22 is designed to rapidly and safely pump large quantities of fuel under any operating condition 
at a maximum capacity of 600 gpm. The R–22 also can be used to transfer fuel from the bulk storage 
area to the operating storage area. 
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Components 
This trailer-mounted unit consists of a centrifugal pump powered by a three-cylinder, multifuel 
engine. It has a basket strainer, control panel, fuel tank, and accessories. The unit is 6 feet, 6¼ inches 
in height, 5 feet, 6-inches in width, and 9 feet, 6-inches in length (drawbar folded up) or 13 feet, 6-
inches in length (drawbar extended). It weighs 2,290 lb. Let us take a closer look at each of the 
components of the R–22 unit. 

Pump 
The centrifugal pump is self-lubricating and self-priming. If the unit is dry, you need to prime it before 
operation; to do this, use the port above the pump inlet. There is a second port on the pump casting, 
which is used to drain the unit for shipment or storage. 

The pumping rate and the discharge pressure for the R–22 varies with the rpm. The following table 
identifies the discharge pressures and the gpm rates the R–22 is capable of pumping at various rpms: 
 

RPM DP GPM 
1,000 10 psi 100 
1,300 28 psi 220 
1,500 30 psi 310 
1,800 45 psi 400 
2,000 60 psi 470 
2,400 85 psi 600 

Engine 
The diesel engine is a two-stroke cycle, water-cooled, three-cylinder, multifuel engine protected by a 
housing with side panels to allow access to the engine. Louvers covering the radiator help regulate 
engine temperature. During cold weather starting, you can use either ether or forced air heating on the 
engine housing to accelerate startup. 

Tank 
The unit fuel tank, which is mounted on the trailer, has the following components attached: 

• A strainer mounted in the filler opening. 
• An external fuel gauge mounted on one end of the tank. 
• A float valve that allows fuel from the discharge side of the pump to fill the engine tank. 
• Two three-position valves located on the top of the tank to allow the use of unit fuel, auxiliary 

fuel (hoses are provided for this operation), and off positions. 

Strainer 
A 6-inch, 60-mesh basket strainer is installed upstream from the pump to protect the pump by 
removing sediment. 

Control panel 
The control panel is enclosed in a weatherproof box, which should be closed when not in operation. 
The following five indicators are on the panel: 

1. Rpm/hourmeter. 
2. Ampere meter. 
3. Engine oil pressure. 
4. Engine temperature. 
5. Pump discharge pressure. 
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In addition, the panel has an engine start switch and an ether injector knob to aid in cold weather 
starting. There is an engine stop handle, which is used to stop the fuel flow to the engine. The throttle 
also is located on the control panel, and has a locking ring and a quick-shutdown button. The panel 
lights are located above the pump discharge pressure gauge. 

Accessories 
The accessories consist of two reducers, a grounding rod (all mounted on the chassis), and one 4-inch 
gate valve. 

227. FFU–15E filter separator 
The FFU–15E (fig. 4–5) is a skid frame-mounted vessel intended for use as an integral part of a fueling 
system. It is shipped fully assembled and requires only removal from the shipping container and 
inspection before being placed in service. The FFU–15E can also be used with other military 
branches’ equipment to provide increased flexibility in fuels operations. 

 
Figure 4–5. FFU–15E filter separator 

Purpose 
The FFU–15E is designed to filter particles and separate water from fuel. It can filter petroleum fuels 
at a rate of up to 600 gpm. The FFU–15E can be configured for use with many different systems to 
provide clean, dry fuel. 
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Components 
The FFU–15E filter separator is equipped with an air eliminator, six elements, two canisters, a float 
valve, a flow-control discharge valve, two pilot valves, a pressure relief valve, a differential pressure 
(DP) gauge, and quick-disconnect-type inlet and outlet couplings. Let us take a closer look at these 
components as shown in the following table: 

FFU–15E COMPONENTS 
 Item Description 

Elements The 6 elements in the filter/separator filter out solid contaminants from the fuel and also 
perform coalescing action (causes water in the fuel to form into comparatively large drops). 
Change the elements when 20 psi differential is reached or three years, whichever comes 
first. 

Canisters The canisters are constructed of aluminum. On the outside of each canister, there is a 100-
mesh, Teflon-coated screen that does not filter, but does repel water that has formed into 
drops by the coalescing action of the elements, and at the same time permits the fuel to 
pass through. 

Float valve The float valve prevents the discharge of water from the FFU–15E. The float valve has two 
positions: HIGH and LOW. As with float valves on other filter separators you’ve 
encountered, when the float is in the low position, fuel is allowed to pass through the unit. 
When water collects in its chamber and raises the float to the HIGH position, it transmits 
fuel pressure to the on/off regulating pilot valve, which in turn closes the flow control valve. 
The flow control valve remains closed until the water level drops. 

Manual sump 
drain valve 

This valve is used to manually drain water and sediment from the unit. 

2-inch sump 
drain valve 

The 2-inch sump drain valve is used to rapidly drain the contents of the filter separator. 
This valve is most commonly used to drain the unit for element replacement. 

Air eliminator 
safety valve 

The air eliminator safety valve allows air to be vented from the unit. Close the valve if the 
air eliminator fails. 

Air eliminator 
reservoir 

The air eliminator reservoir captures any fuel escaping from the air eliminator and returns it 
to the system. 

Reservoir relief 
valve 

The reservoir relief valve allows the air eliminator reservoir to be emptied back into the 
system. 

Inlet and 
discharge wafer 
valves 

These valves are used to isolate the FFU–15E from the fuel system. 

Check valve The check valve, located on the inlet side of the unit, prevents the reverse flow of fuel. 
Flow control 
valve 

The flow control valve, located on the discharge side of the unit, performs two functions. 
First, it closes when excess water is detected in the sump. Second, it limits total flow to a 
preset rate. The flow control valve has two pilot valves which help it carry out these 
functions: 
On/off regulating valve––As mentioned earlier, when the float valve reaches the HIGH 
level, it forces fuel pressure to the on/off regulating pilot valve, which in turn closes the 
flow control valve to prevent water from being dispensed. 
Differential regulating pilot valve––The differential regulating pilot valve regulates the 
maximum flow through the filter separator to 600-gpm. 

Sight gauge The sight gauge is used to determine if there is water in the sump. 
DP gauge Like other DP gauges you have seen, this gauge indicates the difference between the inlet 

and outlet pressures of the unit. 
Sampling 
connections 

The FFU–15E has two sampling connections. One is on the inlet side of the unit, while the 
other is located on the discharge side of the unit. These connections are used by 
laboratory personnel to take in-line samples for analysis. 
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228. TPI–4T–4A additive injector 
There are situations during fuels operations when you must manually add chemicals to your fuel 
supply to bring the fuel system icing inhibitor (FSII), conductivity, or corrosion inhibitor content up to 
the acceptable use limits listed in TO 42B–1–1, Quality Control of Fuels Lubricants. The TPI–4T–4A 
portable additive injector (fig. 4–6) is designed to do this task. 

Purpose 
The TPI–4T–4A additive injector is designed to simultaneously inject multiple fuel additives at 
different blending ratios. It can handle up to four separate additives at different ratios, and its special 
dual-ratio gear reduction allows for a very wide-range of injection ratios. 

Extremely low ratios, such as those found in antistatic agents and corrosion inhibitors, can be injected 
simultaneously with very high ratio additives, such as anti-icing agents. 

Components 
The TPI–4T–4A injector is mounted in a rugged skid enclosure. Every part of the system is designed 
for rough, portable service. The TPI–4T–4A has a variety of fuel hose connections and additive source 
lines, and can be rapidly deployed to draw additive from either custom tanks or standard drums. The 
following table identifies some of the characteristics of the TPI–4T–4A. 

 
Figure 4–6. TPI–4T–4A additive injector. 

CHARACTERISTICS OF THE TPI–4T–4A INJECTOR 
No external 
power 

The efficient TPI–4T–4A fluid-powered turbine “borrows” just enough energy from the flowing 
product line to do the job. There is no need for an external electricity source, air, or pressurized 
additive lines. 

No controls The TPI–4T–4A automatically operates when the rest of the system operates. There is no need 
to remember to turn the injector on or off. When it is connected to a system, the injector 
“remembers” when to run, how much to run, and when to stop. The operator has nothing to 
remember, nothing to adjust, and nothing to forget. 

No meters Because the fluid-powered turbine acts as a meter, it requires no directions, pulses, or controls 
from outside meters. The turbine responds smoothly to changes in flow rates, maintaining 
accurate injection ratios over the full range of the system’s operating conditions. 

Better 
blending 

Unlike some systems that inject large slugs into the product at metered intervals, the  
TPI–4T–4A injector continuously dispenses the precise amount of additive that matches the 
product flow rate. There are no gaps in the injection process. Since the injection point is usually 
upstream of the turbine, thorough blending of product and additive is achieved.  
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CHARACTERISTICS OF THE TPI–4T–4A INJECTOR 
On/Off 
operation 

The TPI–4T–4A is passive in that it operates when product passes through the turbine. When 
flow stops, injection stops. The system maintains the proper ratio throughout the entire 
operating range. If additive is not desired, a simple on/off valve is standard. Additive can be 
turned off or on selectively at any time during a product transfer. 

Additive 
supply 

To provide an adequate supply of additive, flooded suction is preferred (moderate suction lift is 
acceptable) and the supply should not be pressurized. The TPI–4T–4A draws additive from any 
size container with special adapters available for factory additive containers. 

 
CHARACTERISTICS OF THE TPI–4T–4A INJECTOR 

Ratio 
stability at 
low flows 

Even if startup and shutdown flow rates are below stated minimums, the unit can be calibrated 
to maintain overall ratios. The system maintains the ratio for the total product throughput. 

229. PMU–27M air–transportable trailer-mounted refueling system 
The PMU–27M (fig. 4–7) is a four-wheeled towable unit designed to pump aviation and ground fuel. 
It is also capable of issuing ground products. When used in conjunction with the 117 Mobility 
Readiness Spares Package (MRSP) kit, the PMU–27M refueling system can be set-up as a bare base 
service station and can issue fuel from one 10,000-gallon collapsible bladder, four 500-gallon sealed 
drums or four 55-gallon steel drums. 

 
Figure 4–7. PMU–27M air–transportable trailer-mounted refueling system. 

Purpose 
The primary purpose of the PMU–27M pumping assembly is to pump and deliver fuel at a rate of 50 
gpm. It was designed to support the transfer of small quantities of fuel and, secondarily, to support the 
servicing of small aircraft. It is also capable of defueling four 55-gallon drums simultaneously, 
pumping from an external source, and defueling aircraft auxiliary tanks. 
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Components 
The pumping assembly is a four-wheeled towable unit consisting of the following components: 

• A gasoline or multifuel diesel engine. 
• A 50-gpm pump. 
• Suction and discharge hose assemblies. 
• Two line strainers. 
• Filter separator. 
• Differential and outlet pressure gauges. 
• Meter register. 
• Drum off-loading valves. 
• Discharge nozzle. 
• Static-grounding reels. 
• A sampling connection. 

A three-way stubbed valve is provided to bypass the filter separator and meter register during fueling 
operation. A 50-foot static ground reel is also mounted on the unit. Let us discuss each of the pumping 
assembly components and the functions they perform. 

Engine and pump assembly 
The centrifugal, self-priming pump on the unit is capable of delivering 50 gpm at 3,600 rpm, with a 
pump discharge pressure of 35 psi. The pump is self-lubricating, and it is driven by a gasoline or 
multifuel diesel engine. The engine is a one-cylinder, two-stroke, fuel-injected engine rated at 6.5 
horsepower at 3,600 rpm. The PMU–27M is equipped with a 3½-gallon fuel tank. 

Filter separator 
Water and contaminants are removed from the fuel by a filter separator. The filter separator contains 
three filter elements and one Teflon screen. The elements are made of a fabric coalescent sock and a 
fiberglass filter element. A manually operated air eliminator is provided to eliminate all of the air 
trapped in the filter separator. Also provided are automatic and manual water drain valves to prevent 
water buildup in the filter separator. 

Meter and valves 
The fuel is measured by a positive-displacement meter, rated at 50 gpm and equipped with a digital 
readout. The flow control valve consists of two controls and a valve connected together with tubing 
and fittings. Also, the unit has an inlet valve that controls the flow of fuel from the suction hoses to the 
pump. The three-way stubbed valve controls the flow of fuel from the pump to the filter separator and 
bypass of the filter separator. A priming valve is included to facilitate priming. A manual water drain 
valve, an air eliminator valve, and a sampling connection valve are also incorporated into this unit. 

Gauges 
The PMU–27M is equipped with the following two gauges: 

1. The DP gauge on the filter separator indicates the difference between the inlet and outlet 
pressures. This pressure cannot exceed 15 psi. 

2. The discharge pressure gauge indicates the outlet pressure from the pump. A normal reading 
should be 35 psi. 
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230. Aerial bulk fuel delivery system 
The aerial bulk fuel delivery system (ABFDS) is designed to deliver fuel by air to forward-operating 
locations (FOL) in a cargo aircraft when resupply by other methods is not possible. These operations 
are commonly referred to as “Bladder Bird” missions. The ABFDS can be installed on C–130, C–5, 
and C–17 aircraft. 

Purpose 
The ABFDS is used to deliver fuel when resupply by other possible methods of fuel delivery is not 
possible. The ABFDS can be installed on C–130, C–5, and C–17 aircraft. When used on a C–130, the 
system is made up of two 3,000 gal tanks, while on the C–17 the system is made up of three 3,000-
gallon tanks. When used on the C–5, the system uses 10 3,000-gallon tanks. ABFDS systems can be 
modified with alternate capability equipment (ACE) to refuel aircraft directly from the ABFDS. 

Components 
The ABFDS system consists of aerial pillow tanks coated with buna-nitrile, two pumping modules, 
metering equipment, various sections of hoses, platforms, pallets, tie-down harness equipment, and an 
auxiliary storage box. 

Collapsible fuel storage tanks 
The 3,000-gallon capacity rubber pillow tanks are made in such a way that the fuel cannot “slosh.” In 
other words, the fuel does not move to the forward or the rear end of the aircraft rapidly. This 
movement of the fuel could make the aircraft unstable. Each tank is mounted a platform (fig. 4–8), 
which is held securely in place by a series of straps. Each pillow tank has an automatic vapor 
eliminator connected by a ¾-in hose to an overboard vent port on the aircraft. This prevents the 
buildup of fuel vapors inside the aircraft. 

 
Figure 4–8. Aerial bulk fuel delivery system pillow tank on pallet. 

Pump module 
The ABFDS pumping system consists of two pumping modules (fig. 4–9) mounted on an HCU–6E 
cargo-handling pallet. These modules are connected by a crossover manifold that permits filling or 
evacuation of tanks by one module. Each module contains two 30-gpm centrifugal pumps, giving the 
system a total flow rate of 600 gpm at 2,300 rpm. The pump is driven by a four-cylinder, air-cooled 
multifuel diesel engine. The engine’s fuel tank is located on the module. Each module has a 24-volt 
battery that provides the starting power for the module. The engine exhaust system is equipped with a 
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flexible exhaust pipe insulated for handling ease. It is long enough to extend outside the aircraft 
through the aircraft ramp when the engine is being operated. Each module is also equipped with four 
flow-direction wafer valves that make up the refuel/defuel manifold. This manifold is very similar to 
the one you studied on the R–14 system. The instruction plate on the module shows you how to 
position the valves for any desired operation. 

 
Figure 4–9. Aerial bulk fuel delivery system pumping module. 

Flow meter 
Each module is equipped with a flow meter that measures the amount of fuel issued or received. When 
the ABFDS is equipped with an ACE package, these meters are replaced with an electronic digital 
meter. 

Hoses and nozzles 
The ABFDS contains 186-foot of 4-inch diameter-connecting hoses. These hoses are connected by 
unisex couplings Each ABFDS module also comes equipped with one D–1 and one D–2 single-point 
nozzle. 

Aerial delivery and dispensing system 
The ABFDS has been modified to include an ACE package by adding a filter separator the ABFDS 
pumping system (fig. 4–10). When the ABFDS pumping system is combined with an ACE package, 
the unit is referred to as the aerial delivery and dispensing system (ADDS). The ADDS is designed to 
be transported on aircraft and issue large quantities of fuel to ground locations. The major advantage 
of the ADDS is that it allows for direct servicing of aircraft. Components of the ACE package are 
described in the following table. 
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Figure 4–10. Aerial bulk fuel delivery system alternate capability equipment. 
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ACE PACKAGE COMPONENTS 

Item Description 

Filter separator 
module 

The filter separator module is designed to fit between the two pumping modules. It 
connects both outlets by means of an interconnecting manifold, thus permitting 
operation of either pumping module. The filter separator is rated at 300 gpm and 
incorporates a manual vent valve with sufficient hose to allow overboard venting 
when required. The filter contains three elements and one canister. The outlet of the 
filter is fitted with a dry break adapter (single-point receptacle [SPR] type) to allow 
disconnecting in the aircraft without the hazard of spilling fuel. 
NOTE: Using both pumping modules when the ABFDS is equipped with an ACE 
package can damage the filter separator elements due to excessive pressure. 

Hoses. The ACE includes three 2 ½-inch by 60-foot sections of delivery hose, each fitted with 
simple cam-lock couplings at each end: one female and one male. These hoses are 
made to collapse at 7-inch mercury (hg), permitting their complete evacuation for 
storage and transport. 

Fire extinguishers. Two hand-held fire extinguishers with mounts are provided, each containing 5 pounds 
of Halon. One is mounted for access to the equipment operator and the second is 
mounted for access by the aircraft servicing personnel. 

 ACE PACKAGE COMPONENTS 
Static grounding reel A manually operative static discharge reel is mounted on the filter frame. The reel 

contains 145 feet of grounding cable for attaching to the aircraft being serviced.  

SPR nozzle The ACE is equipped with one D–1 and one D–2 single-point nozzle for servicing 
aircraft. These single-point nozzles differ from the nozzles that come with the ABFDS. 
ACE single-point nozzles incorporate a built-in pressure/flow regulator that limits the 
fuel delivery pressure. The D–1 nozzle is limited to 35 psi at the aircraft, while the D–2 
is limited to 55 psi at the aircraft. Also included is a quick-disconnect, dry break 
coupler with an in-line strainer. The nozzle is fitted with a 2½-inch cam-lock male for 
attaching to the 2½-inch delivery hose. 

Fume detector 
A fume detector is shipped with each ABFDS and ADDS system. The fume detector is an important 
piece of equipment that must be used on all ABFDS missions. The ABFDS crew uses the fume 
detector, while the aircraft is taxiing and during flight, to ensure that the ABFDS system does not 
endanger the aircraft crew members by leaking deadly fumes into the aircraft compartment. 

231. Fuel bladders 
In any fuels operation, mission success cannot be achieved if sufficient storage is not available. 
Established locations may have permanently installed storage systems that provide enough capacity to 
carry out any operation within the airfield’s ability. However, where fuel infrastructure is inadequate 
or when operating in forward or austere locations, fuel bladders can be used to meet storage 
requirements. 

Purpose 
Fuel bladders come in various sizes. The most commonly used bladders are the 10,000-gallon, 50,000-
gallon, 200,000-gallon and 210,000-gallon bladders. All types of bladders use a single-ply, nylon 
fabric material with reinforced corners. Each tank is equipped with a fill-discharge assembly at either 
end of its top surface. Each tank also has a vertical vent-pipe assembly located on the center of the top 
surface, which allows the tank to breathe and is also used for removing water from the tank. 

There are three distinct advantages to using fuel bladders are as follows: 

1. Portability—they weigh only a fraction of the weight of metal drums and tanks. 
2. Minimum vapor loss—the ability to expand or contract with fuel volume prevents 

vaporization loss. 
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3. All-weather reliability—they can withstand temperatures from –40°F to 160°F. 

Due to the versatility and flexibility of FSE, there is practically no limit to the number of bladders that 
can be added to a system. Remember to remove external components before rolling up the bladders for 
storage. 

Components 
Fuel bladders are equipped with a fill-discharge assembly at either end of its top surface. Fuel 
bladders also have vertical vent pipe assemblies located on the center of the top surface, which allows 
vapors to be vented. The vertical vent pipe assembly is also used for removing water from the fuel 
bladder. 

Wooden plugs 
Use 3-inch and 5-inch wooden plugs to make temporary repairs of fuel leaks on holes up to 2-inch in 
diameter (fig. 4–11). Insert the plug into the hole and screw it until the plug is tight against the wall of 
the tank. 

 
Figure 4–11. Emergency bladder repair. 

232. Forward-area manifold cart  
The forward-area manifold (FAM) cart is used for forward area rearming and refueling point (FARP) 
operations (fig. 4–12). The procedures to conduct FARP operations are not difficult; however, 
operating two or more aircraft in close proximity to one another in a harsh, covert environment can be 
an extremely hazardous undertaking. Transferring fuel from one running aircraft to another running 
aircraft can be very dangerous if equipment is not maintained up to standards. 

Purpose 
The primary purpose of the FAM cart and related equipment is to provide an interface for fuel transfer 
from tanker aircraft to a maximum of three receiver aircraft simultaneously in austere or remote 
locations. The FAM cart is designed primarily as a manifold that maintains pressure and flow rates to 
receiver aircraft. The tanker and receiver aircraft may have engines running. Under normal 
conditions, the FAM cart’s mounted engine and pump are used in operations. However, in the event 
of engine or pump failure, or use of open port nozzles, the cart may be used as a manifold without 
operation of the engine and pump. 
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Figure 4–12. Forward-area manifold cart. 

Components 
The FAM cart is equipped with a one-cylinder, air-cooled, 9.2-horsepower diesel engine manufactured 
by Lombardini. The engine can also run on JP–5, JP–8, or Jet A fuels. It has no electrical system or 
battery; therefore, it is starts by a rope pull mechanism. It is connects to a Gorman Rupp, 365-gpm 
pump. A series of five control levers at the aft end of the cart are used to select the refuel or hose 
evacuation modes of operation (fig. 4–13). All required refueling equipment for transferring fuel from 
the tanker aircraft to the receiver aircraft are carried on the cart. Fuel flow may be shut off by the 
emergency shutoff lever at the cart inlet. 
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Figure 4–13. Forward-area manifold cart control panel. 

Fuel is received from an aircraft, which acts as a fuel supply source, through 200 feet of a 2-inch fuel 
hose. It then flows into the inlet of the cart manifold, through the emergency shutoff valve, and into the 
365-gpm pump driven by the 9.2-hp diesel engine. The 2-inch fuel hose is lightweight and contains 
internal bonding wires and unisex couplings for safety, reliability, and operational ease during hot 
refueling operations. Fuel passes through the pump to the fuel/defuel valve. When this valve is in the 
fuel mode, fuel passes through the discharge valve and manifold out to three separate refueling points. 
Each point can be opened or closed independently, so one or all may be used for refueling. Refueling 
and defueling (hose evacuation) may not be done at the same time. 

The engine is operated to maintain pressure. The FAM cart is equipped with two gauges—intake 
pressure and manifold pressure—that provide pressure and vacuum readings. In the refuel or defuel 
mode, the gauges indicate the pressure or vacuum. The manifold gauge indicates the pressure at the 
discharge manifold and the intake pressure gauge indicates vacuum/pressure from the supply hose. 

Self-Test Questions 
After you complete these questions, you may check your answers at the end of the unit. 

225. R–14 air-transportable hydrant refueling system 
1. List the four advantages of the R–14 ATHRS. 

2. What purpose is the R–14C primarily used for? 

3. At what rate is the R–14C self-priming pump designed to deliver fuel? 
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4. What R–14C component is equipped with a float control that stops fuel flow if the water gets too 
high? 

5. Which R–14C component includes all of the switches, indicators, and gauges required to start and 
control the engine and pump? 

226. R–22 trailer-mounted transfer pump assembly 
1. What is the maximum capacity that the R–22 can rapidly and safely pump? 

2. What type of pump is used on the R–22? 

3. What gpm rate is the R–22 capable of pumping when the throttle is set at 1,800 rpm? 

4. What are the accessories for the R–22? 

227. FFU–15E filter separator 
1. At what rate can the FFU–15E handle petroleum fuels? 

2. How often should you change the filter elements in the FFU–15E? 

3. What are the two positions of the float valve in the FFU–15E filter separator? 

228. TPI–4T–4A additive injector 
1. How many different additives can the TPI–4T–4A injector handle? 

2. What external power source is required to operate the TPI–4T–4A injector? 

3. What type of meter is on the TPI–4T–4A injector? 
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229. PMU–27M air-transportable trailer-mounted refueling system 
1. What was the PMU–27M designed to do? 

2. The self-priming pump on the PMU–27M is capable of delivering how many gallons per minute? 

3. The PMU–27M is equipped with what type of engine? 

4. What PMU–27M component controls the flow of fuel from the suction hoses to the pump? 

230. Aerial bulk fuel delivery system 
1. What type of aircraft can the ABFDS be installed on? 

2. Match the function in column A with the ABFDS/ACE component in column B. Components in 
column B are used once. 

Column A Column B 
____ (1) Equipped with four flow-direction wafer valves. 
____ (2) 3,000-gallon capacity. 
____ (3) Connected together by unisex couplings. 
____ (4) Measures amount of fuel issued or received. 
____ (5) Rated at 300 gpm. 
____ (6) Ensures ABFDS system does not endanger aircraft crew. 

a. Filter separator.  
b. Hoses. 
c. Flow meter. 
d. Pump module. 
e. Fume detector. 
f. Collapsible fuel storage tank. 

3. What is the major advantage of the ADDS? 

4. What is the filter separator rated as? 

5. Describe how the single-point nozzles on the ACE differ from those on the ABFDS. 

231. Fuel bladders 
1. What are the most commonly used sizes of fuel bladders? 

2. What are the advantages to using fuel bladders? 
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232. Forward-area manifold cart 
1. What is the primary purpose of the FAM cart? 

2. What type of engine is the FAM cart equipped with? 

3. What do you use to start the FAM cart? 

4. What is the pumping capacity of the FAM cart? 

5. How many receiver aircraft can FAM carts service at one time? 

4–2. Fuels Operational Readiness Capability Equipment 
The fuels operational readiness capability equipment (FORCE) system has been developed to 
complement, and eventually replace, aging FSE components. It is capable of providing 400,000 
gallons a day of sustained capability, and up to 1 million gallons a day surge capability. The FORCE 
system provides a deployable, aboveground, constant pressure, and flow-on-demand fueling system 
for aircraft. 

A typical equipment arrangement to perform servicing operations uses three R–18 pumping units, 
three R–19 filter separator units, three R–20 multi-aircraft servicing platforms, along with hoses, 
fittings, and components from the R–21 plumbing assembly (fig. 4–14). 

 
Figure 4–14. Typical FORCE fuel-servicing arrangement. 
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The FORCE system is used to carry out three primary missions: fuel servicing, off-loading, and 
transferring. The FORCE module arrangement is capable of providing up to 2,700 gallons per minute 
directly to the aircraft. The individual components of the FORCE system provide stand-alone or mix-
or-match capability for almost any fuel transfer or aircraft-fueling scenario (fig. 4 –15). 

 
Figure 4–15. FORCE multimission capabilities. 

A FORCE module is made up of five R–18s, four R–19s, three R–20s, and one R–21, consisting of 
11-tricon containers. The mix of equipment within a FORCE module provides basic capability for 
off-loading, transferring, and a fuel servicing operations. 

NOTE: The R–21 plumbing assembly consists of a large assortment of loose equipment, including 
hoses, valves, adapters, and fittings, which are used to connect the FORCE subsystems into 
operational configurations. The R–21 also includes special-purpose, skid-mounted assemblies that 
perform specific functions in the overall FORCE concept. It is not necessary to discuss the R–21 
further in this text. 

233. R–18 pumping unit 
The R–18 pumping unit is functionally similar to the R–22 trailer-mounted transfer pump assembly. 
There are five R–18s included in a FORCE module. 

Purpose 
The R–18 pumping unit acts as a transfer pump and is used to off-load, transfer and issue aviation 
fuel. The R–18 pumping unit is powered by a multifuel engine, and is capable of pumping over 900 
gpm of aviation fuel at an output pressure of 150-psi. The pump is a self-priming centrifugal pump 
driven by a speed-increasing gearbox attached to the engine. 
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R–18 Pumping Unit Remote Control Panel Components (fig. 4–16) 
Item 

Number 
Component Name and Function 

Item 1 The master data fail indicator light flashes on the lead pumping unit when a servicing 
platform(s), or remote pumping unit(s), has not communicated in the past 5 minutes. Indicator 
light has no function on remote pumping units. 

Item 2 The communication active Indicator light illuminates when one or more remote pumping units 
have communicated with the lead pumping unit in the last 5 minutes. Upon a loss of 
communication exceeding 5 minutes, the light will extinguish and the pump control will be 
commanded to its idle speed. 

Item 3 When the no flow/rupture detect switch is in the ON position, the no-flow/rupture Alarm light will 
illuminate when no flow/rupture pressure switch is activated for more than 10 seconds. 

Item 4 The emergency stop activated indicator light will illuminate when any emergency stop switch is 
activated. 

Item 5 For hand-held operation, the manual/remote control switch is set to REMOTE. The hand-held 
does not function if the switch is set to MANUAL. 

Item 6 When the offload/servicing switch is in the OFFLOAD position, the control panel operates 
independently for fuel transfer. In the SERVICING position, the control panel operates in 
conjunction with other pumping units and servicing platforms control panels. 

Item 7 When offload/servicing switch is in the OFFLOAD position, the deadman selector switch selects 
between DEADMAN or NO DEADMAN operation. 

Item 8 Pressing the emergency stop switch stops engines system wide, and closes servicing platform 
control valves while in SERVICING mode. 

Item 9 Pressing the lamp test switch will illuminate all front panel lights and the alarm light on top of the 
panel. 

Item 10 With no flow/rupture detect switch set to ON, engine will be returned to idle speed under certain 
conditions indicating no flow or hose rupture condition. 

Item 11 The emergency stop reset switch resets operational circuits following an emergency shutdown. 
Item 12 The station unit ID switch selects modem address (1 to 10) for unit determining its operational 

sequence. (SERVICING only) 
Item 13 The quantity pump units switch is set to number (1 to 10) designating number of pumping units in 

operation. (SERVICING only) 
Item 14 The quantity service platforms switch is set to a number (1 to 10) designating the number of 

servicing platforms in operation. (SERVICING only) 
Item 15 The beacon light will flash upon the occurrence of a no flow/rupture or emergency stop 

activation. 

Components 
The following table describes the various components that make up the R–18 pumping unit remote 
control panel, which is located on the left side of the unit. Refer to figure 4–16 while reading the 
description of each component. 
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Figure 4–16. R–18 pumping unit communications panel components. 

While you are reading the descriptions in the following table, refer to figure 4–17 that continues 
describing the various R–18-pumping unit control panel components. 

R–18 Pumping Unit Remote Control Panel Components (fig. 4–17) 

Item Number Component Name and Function 

Item 16 The oil pressure gauge indicates the engine oil pressure. 

Item 17 The ammeter indicates amperes generated from engine alternator for recharging batteries. 

Item 18 The throttle control regulates engine speed. Rotating the hand wheel counterclockwise 
increases engine speed. 

Item 19 The outlet pressure gauge indicates the pump outlet pressure in psi. 

Item 20 The panel light illuminates the gauge panel. 

Item 21 The inlet pressure gauge indicates pump inlet pressure in psi. 

Item 22 The warning light illuminates when the engine electronic control module senses an engine 
problem that should be checked, but is not urgent. 

Item 23 The increment/decrement switches navigate to the next or previous display of maintenance 
codes indicated by the stop light when the diagnostic/normal switch is in DIAGNOSTIC 
position. 
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R–18 Pumping Unit Remote Control Panel Components (fig. 4–17) 

Item Number Component Name and Function 

Item 24 Set the diagnostic/normal switch to the NORMAL position for routine engine operation. Upon 
engine problem indication, move to DIAGNOSTIC to diagnose malfunctions in engine 
operation. 

Item 25 The stop light illuminates when the electronic control module (ECM) indicates a serious 
problem with the engine. It flashes numeric diagnostic code for troubleshooting an engine 
problem. 

Item 26 When the run/idle switch is set to RUN the engine speed can be adjusted, or returns to set 
speed, using the throttle control. When set to IDLE, engine speed is reduced to idle. 

Item 27 The area light switch turns the area spotlights ON and OFF. 

Item 28 The panel lights switch turns panel illumination lights ON and OFF. 

Item 29 The tachometer/hourmeter indicates engine speed in revolutions per minute times 100. 
Digital indicator inset in gauge registers HOURS of engine operation. 

Item 30 The ignition switch controls the unit’s electrical system. Turning to ON energizes electrical 
system; turning to START engages engine starter when released switch returns to ON. Set 
to OFF to shutdown engine and turn off power to unit 

Item 31 The wait to start indicator light illuminates when ignition switch is set to ON. When light goes 
off, it is safe to start the engine. 

Item 32 The temperature gauge indicates the temperature of engine coolant in degrees Fahrenheit 
and Celsius. 

Item 33 The low-voltage alarm bypass switch bypasses the low-voltage cutoff circuit. This switch 
must be held down to start the engine when the battery is low. 

 

 
Figure 4–17. R–18 pumping unit control panel. 
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The following table describes additional R–18 pumping unit controls and indicators located on the left 
side of the unit. While reading the descriptions of each component, refer to figure 4–18. 

R–18 Pumping Unit Controls and Indicators (additional) (fig. 4–18) 
Item Number Component Name and Function 

Item 34 The interlock switch interrupts the engine starting circuit when either engine housing side 
door is open. 

Item 35 The air restriction gauge indicates the condition of inlet air cleaner filter element. 

Item 36 The power panel switch controls electrical power to the remote control panel. 

Item 37 The battery master switch controls electrical circuit for the pumping unit by connecting or 
disconnecting the batteries. 

Item 38 The jumper cable receptacles are a pair of 24-volts, DC electrical connections used to 
provide auxiliary power to start the unit if batteries are discharged.  

 

 
Figure 4–18. Additional R–18 pumping unit controls and indicators. 
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The following table describes components located on the right side of the R–18 pumping unit. Refer 
to figure 4–19 while reading the descriptions of each component. 

 
Figure 4–19. R–18 components (right side). 

R–18 Components (right-side) (fig. 4–19) 
Item Number Component Name and Function 

Item 1 The air evacuation valve is a two-position valve. In the NORMAL position, air is eliminated 
from the fuel piping during normal operation. When moved to AIR EVACUATION position, 
air is evacuated from the inlet hose by compressed air passing through an eductor that 
pulls air through an air eliminator until the hose is filled with fuel and the pump is primed. 

Item 2 The air eliminator valve opens and closes air eliminator inlet. 

Item 3 The fuel level gauge indicates the level of fuel in the engine fuel tank. 

Item 4 The winch handle raises and lowers the area spot light mast. 

Item 5 The mast-locking pin locks the area spot light mast in position. 
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R–18 Components (right-side) (fig. 4–19) 
Item Number Component Name and Function 

Item 6 The inlet valve is a locking butterfly valve that opens and closes the fuel inlet. 

Item 7 When opened, the strainer drain valve drains the contents of the basket strainer body. 

Item 8 The brake lever engages or releases parking brakes. 

Item 9 When the tank refill valve is opened, fuel is drawn from the pump outlet piping through a 
float valve into the engine fuel tank. 

Item 10 The air supply valve opens and closes the air supply from the onboard compressor. In the 
OPEN position (aligned with piping), compressed air is directed to the eductor, which is 
part of the air evacuation system. In the closed position (opposite piping) air is available 
through the quick-disconnect air coupling, if the compressor is ON. 

Item 11 The oil drain valve is used to drain the engine oil. 

Item 12 The compressor switch turns the air compressor ON and OFF. 

Item 13 The air regulator sets the air compressor’s output pressure. 

Item 14 The air pressure gauge indicates the compressor output pressure. 

Item 15 The engine fuel-priming pump primes the engine fuel system. 

Item 16 The pump-priming port allows the pump housing to be filled with fuel to prime the pump. 

The following table describes the R–18 pumping unit’s hand-held remote controls and indicators. 
While reading the descriptions of each component, refer to figure 4–20. 

 
Figure 4–20. R–18 pumping unit hand-held remote. 
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R–18 Pumping Unit Hand-Held Remote Components (fig. 4–20) 

Item Number Component Name and Function 
Item 1 The pump switch is used to start and stop the pump. 

Item 2 The throttle switch is used to control the engine speed. When set to RUN the engine 
returns to the speed set by the throttle control. When set to IDLE, the engine speed 
decreases to idle speed. 

Item 3 The ESTOP switch activates the emergency stop. 

Item 4 The DMAN indicator flashes at a slow rate to notify the operator that the action/deadman 
switch must be released and depressed to continue operations. 

Item 5 The DIAG indicator has three flash patterns that are displayed while the hand-held unit is 
awake. Steady on indicates a low battery condition. A slow flash indicates a 
communication error. A quick flash indicates the hand-held unit has learned the address of 
the Receiver Module. 

Item 6 Pressing the action/deadman switch starts and stops the engine. In NO DEADMAN, 
pressing the switch puts the engine at RUN or IDLE, if it has been started. In DEADMAN, 
the switch must be held down to maintain the engine in RUN condition. 

234. R–19 filter separator unit 
The R–19 filter separator unit is functionally similar to the FFU–15E filter separator. 

Purpose 
The R–19 filter separator unit functions in the same manner as other filter separators and is used in 
conjunction with other FORCE equipment for fuel servicing and off-loading operations. It is a trailer- 
mounted unit with two 600-gpm aluminum alloy filter separators configured to run in parallel at 
1,200 gpm or individually at 600 gpm. 

Components 
The following table describes the R–19 filter separator unit components. Refer to figure 4–21 while 
reading the descriptions of each component. 

 
Figure 4–21. R–19 filter separator unit components. 
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R–19 Filter Separator Unit Components (fig. 4–21) 
Item Number Component Name and Function 

Item 1 The sump tank drain valve is used to drain the contents of the sump tank. 

Item 2 The sight gauge indicates the fluid level in the sump tank. 

Item 3 The fuel sample valve opens and closes the fuel sample connector. 

Item 4 The filter outlet isolation valve stops the flow of fuel from the outlet side of the filter 
when closed. 

Item 5 The filter inlet isolation valve stops the flow of fuel to the inlet side of the filter when 
closed. 

Item 6 The air eliminator shutoff valve opens and closes the outlet of the air eliminator. 

Item 7 The vacuum breaker valve allows air to enter the filter vessel to facilitate draining. 

Item 8 The differential pressure gauge displays the pressure differential between the inlet 
and outlet of the filter separator. 

Item 9 The reset knob resets the differential pressure gauge when it is rotated. 

Item 10 The test button tests the differential pressure gauge operation. 

Item 11 The float valve tester simulates a high water level in the filter separator sump. 

Item 12 The filter sump drain valve opens and closes the filter separator sump drain. 

Item 13 The thermal relief valve relieves internal filter pressure that may be caused from 
exposure to the sun during inactivity. 

Item 14 The filter evacuation valve opens the filter vessel to evacuation piping for emptying the 
vessel. 

Item 15 The evacuation diverter valve diverts inlet flow to the evacuation circuit, when it is 
closed or partially closed. 

Item 16 The sump tank evacuation valve directs the contents of the sump tank to the 
evacuation piping. 

Item 17 The hand brake lever sets and releases the parking brakes. 

Item 18 The pressure relief valve opens at 175 psi and sends fuel to the sump tank. 

Item 19 The sump tank cap allows trapped air to escape during startup and prevents the 
creation of a vacuum during sump tank evacuation. 

235. R–20 multiaircraft-servicing platform 
The R–20 multiaircraft-servicing platform is the fuel distribution point of the FORCE package. 

Purpose 
The R–20 multiaircraft-servicing platform is used in conjunction with other FORCE equipment to 
service aircraft. It is a trailer-mounted unit capable of supplying up to 900 gpm of fuel through two 
servicing hoses simultaneously. 

Components 
The following table describes the R–20 multiaircraft-servicing platform sump tank components. 
While you are reading the descriptions of each component, refer to figure 4–22. 



4–31 

 
Figure 4–22. R–20 multiaircraft-servicing platform sump tank components. 

R–20 Sump Tank Components 

Item Number Component Name and Function 

Item 1 The vacuum breaker shutoff valve allows air to enter the sump tank to facilitate 
draining. 

Item 2 The liquid level sight gauge indicates the level of fuel in the sump tank. 

Item 3 The brake lever engages and releases the parking brake. 

Item 4 The sump tank drain valve is used to drain the sump tank. The handle is spring-loaded 
to the CLOSED position. 

Item 5 The bonding receptacle is used for connecting a bonding cable plug. 

The following table describes the R–20 multiaircraft-servicing platform servicing controls. While 
reading the descriptions of each component, refer to figure 4ؘ–23. 
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Figure 4–23. R–20 multiaircraft-servicing platform-servicing controls. 

R–20 Servicing Controls (fig. 4–23) 
Item Number Component Name and Functions 
Item 1 The high-level warning indicator is illuminated when the level in the sump tank reaches 

75-percent level. 

Item 2 The system shutdown indicator is illuminated when the level in the sump tank reaches 
95-percent level. Control valves will close. 

Item 3 The emergency stop reset switch resets the operational circuits following emergency 
shutdown. 

Item 4 The emergency stop activated indicator illuminates in the event any of the emergency 
shutdown switches is pushed.  

Items 5 and 6 The left and right control valve selector switches select the mode of operation for the 
left and right control valves. Turning the switch to REMOTE allows hand-held remote 
control of the valve. Turning the switch to MANUAL allows control of valve using the 
switch. 

Item 7 The emergency stop switch shuts down the engine on the unit and closes the flow 
control valves. 
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R–20 Servicing Controls (fig. 4–23) 
Item Number Component Name and Functions 
Items 8 and 9 The left- and right-control valve switch is pressed, when the left (or right) control valve 

selector switch is in the MANUAL position, to open the left (or right) control valve. The 
valve is closed when the button is released. 

Item 10 The lamp test switch is used for testing all indicator lights. 

Item 11 The communication active indicator will illuminate when the servicing platform has 
communicated with the lead pumping unit within the past 5 minutes. Upon a loss of 
communication exceeding 5 minutes, the light will go out and the control valves will be 
closed. 

Item 12 The station unit ID switch identifies the modem address for the operational platform. 

Item 13 The beacon light flashes when the high-level warning indicator, system shutdown 
indicator, or emergency stop has occurred. 

Items 14 and 22 The left and right flow meter indicator indicates flow through the left (or right) meter in 
total gallons and rate of flow in gpms. 

Items 15 and 23 The accum total switch displays the cumulative total in gallons. 

Items 16 and 24 The reset switch resets the totalizer to zero. 

Items 17 and 25 The program switch is used for reprogramming the RATE and TOTAL display. 

Item 18 The left nozzle pressure gauge indicates pressure at the nozzle operating on left side 
of platform in psi. 

Item 19 The right nozzle pressure gauge indicates pressure at nozzle operating on the right 
side of the platform in psi. 

Item 20 The panel light switch turns the panel light on and off. 

Item 21 The inlet pressure gauge indicates fuel pressure at the platform inlet in psi. 

Item 26 The micronic filter differential pressure gauge indicates the pressure differential 
between the micronic filter inlet and outlet. 

Item 27 The reset knob resets the micronic filter differential pressure gauge when rotated. 

Item 28 The test button tests the micronic filter differential pressure gauge operation. 

Items 29 and 30 The pressure mode switch selects HIGH PRESSURE or LOW PRESSURE mode for 
the pressure-regulating valve on the left and right side fuel piping. 

Item 31 The air elimination valve opens and closes the air eliminator outlet. 

Item 32 The evacuation diverter valve controls inlet fuel flow and diverts flow to the sump tank 
evacuation circuit. 

Item 33 The sump tank isolation valve is opened during servicing operations to allow fuel to be 
drawn from the sump tank when the evacuation diverter valve is partially closed to 
reduce fuel flow. 

Item 34 The micronic filter drain valve is used to drain the micronic filter. 

Item 35 The panel power switch controls electrical power to the remote control panel. 

Item 36 The fuel sample valve opens and closes the fuel sample connector. 

Item 37 The liquid level sight gauge indicates the fluid level at bottom of sump tank and is used 
when educting fuel from the sump tank to provide a visual indication of when the sump 
tank is almost empty. 
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R–20 Servicing Controls (fig. 4–23) 
Item Number Component Name and Functions 
Item 38 The selector switch is used to configure the R–18/R20 radio frequency (RF) 

communications system. When the switch is set to ON, the R–20 must communicate 
with the master pumping unit. When the switch is set to OFF, the R–20 hand-held 
remotes will work without R–18/R–20 communications, if the left and right control 
valve selector switches are set to REMOTE. Also, when the switch is set to OFF, the 
R–20 can be operated independently of other FORCE components (e.g., with a fixed 
base hydrant system having a maximum pressure of 150 psi). 

Item 39 During system start up, the air evacuation valve is opened, with the evacuation 
diverter valve closed, in order to allow air in the supply hose to be evacuated. 

The following table describes the R–20 multiaircraft servicing platform hose reel components. Refer 
to figure 4–24 while reading the descriptions of each component. 

 
Figure 4–24. R–20 multiaircraft-servicing platform additional components. 
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R–20 Platform Hose Reel Components (fig. 4–24) 
Item Number Component Name and Function 

Item 1 The hose reel clutch handle controls freewheeling of the hose reels. Pull to engage 
the clutch, push to disengage. 

Item 2 The hose rewind switch is used to operate the hose reel rewind motor. The hose reel 
clutch handle must be engaged for rewind. 

Items 3 and 7 The hose stub isolation valves isolates the left and right hose stubs from fuel flow 
piping. 

Items 4 and 8 The hose reel isolation valve isolates the left and right hose reels from the fuel flow 
piping. 

Items 5 and 11 The hose evacuation valve connects the left and right fueling hoses to the evacuation 
piping. 

Item 6 The hose reel crank is used to rewind the hose reels manually. 

Item 9 The hose reel brake is used to apply the brake to the hose reels. 

Item 10 The grounding wheel rewind hand wheel is used to rewind static reel cables manually. 

Item 12 The bonding receptacles are for a bonding cable plug. 

The following table describes additional R–20 multiaircraft-servicing platform components. While 
reading the descriptions of each component, refer to figure 4–25. 

 
Figure 4–25. Additional R–20 multiaircraft-servicing platform components. 
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R–20 Platform Components (fig. 4–25) 
Item Number Component Name and Function 

Item 1 The emergency fuel shutoff switch closes flow control valves and shuts down the engine on 
the pump unit. 

Item 2 The battery master switch controls electrical circuit for the servicing platform by connecting or 
disconnecting the batteries. 

Item 3 The hose-evacuation pump lever turns the hose evacuation pump on and off. Lift the lever to 
operate the pump, lower it to turn off the pump. 

Item 4 The spring-loaded hose evacuation valve opens the evacuation piping to the evacuation 
pump inlet. 

Item 5 The storage reel-locking pin locks the hose storage reel. Pull it out to release the reel and 
turn it to hold the pin in the unlocked position. 

Item 6 The surge suppressor gauge indicates the surge suppressor’s charge pressure. 
Item 7 The battery charging light-emitting diode (LED) illuminates when the solar panel is charging the 

battery. 
Item 8 The battery status LEDs display the battery status: 

• Green—On steady: Battery near full charge 
• Green—Flashing: Battery charging 
• Yellow—Battery at middle capacity 

• Red—Steady: Battery disconnected 

• Red—Flashing: Battery charge low 

The following table describes the R–20 multiaircraft-servicing unit hand-held remote. While you are 
reading the descriptions of each component, refer to figure 4–26. 

 
Figure 4–26. R–20 multiaircraft-servicing platform hand-held remote components. 
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R–20 Hand-held Remote Components (fig. 4–26) 

Item Number Component Name and Function 
Item 1 The left switch sets the left side control valve to OPEN or CLOSE. 

Item 2 The right switch sets the right side control valve to OPEN or CLOSE. 

Item 3 The ESTOP switch activates the emergency stop. 

Item 4 The DMAN indicator flashes at a slow rate to notify the operator the deadman switch must be 
released and depressed for normal operations.  

Item 5 The DIAG indicator has three flash patterns that are displayed while the handheld unit is 
awake. Steady on indicates a low battery condition. A slow flash indicates a communication 
error. A quick flash indicates the handheld unit has learned the address of the receiver 
module. 

Item 6 Pressing the deadman switch opens the flow control valve to begin servicing operations. 

Self-Test Questions 
233. R–18 pumping unit 
1. What is the maximum pumping rate of the R–18 pumping unit? 

2. What is the purpose of the beacon light on the R–18 pumping unit? 

3. What R–18 pumping unit component indicates a serious problem with the unit engine when 
illuminated? 

4. What R–18 pumping unit component indicates the condition of the inlet air cleaner filter element? 

5. What are the two positions on the R–18 pumping unit’s air evacuation valve? 

6. What component on the R–18 pumping unit hand-held remote flashes at a slow rate to notify the 
operator that the action/deadman switch must be released and depressed to continue operations? 

234. R–19 filter separator unit 
1. What is the maximum filtering rate of the R–19 filter separator unit when both filter separators 

are running in parallel? 

2. What is the reset knob on the R–19 filter separator unit differential pressure gauge used for? 
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3. What is the purpose of the float valve tester on the R–19 filter separator unit? 

4. At what pressure setting will the pressure relief valve on the R–19 filter separator unit open and 
send fuel to the sump tank? 

235. R–20 multiaircraft-servicing platform 
1. What is the purpose of the R–20 multiaircraft-servicing platform? 

2. What R–20 multiaircraft servicing platform sump tank component indicates the level of fuel in 
the sump tank? 

3. The system shutdown indicator on the R–20 multiaircraft-servicing platform will illuminate when 
the sump tank contents reach what level? 

4. What R–20 multiaircraft-servicing platform hose reel component controls freewheeling of the 
hose reel? 

5. What does a red flashing light on the R–20 multiaircraft-servicing platform battery status LED 
indicate? 

6. What does a slow flash on the DIAG indicator of the R–20 multi-aircraft-servicing platform 
handheld remote indicate? 

Answers to Self-Test Questions 
225 
1. It is easily deployed, is quickly operational upon arrival at destination, it performs various fueling 

operations, and three R–14 modules can be transported in one C–130 aircraft. 
2. To service aircraft where permanent systems are not available. 
3. 600 gpm at 2,400 rpm with a discharge pressure of 110 psi. 
4. The filter separator. 
5. The control panel. 

226 
1. 600 gpm. 
2. Centrifugal pump that is self-priming and self-lubricating. 
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3. 400. 
4. Two reducers, a grounding rod, and one 4-inch gate valve. 

227 
1. 600 gpm. 
2. When the differential pressure reaches 20 psi or every three years, whichever comes first. 
3. HIGH and LOW. 

228 
1. Four. 
2. None (there is no need for an external source). 
3. None (it does not have meters).  

229 
1. To support the transfer of small quantities of fuel and, secondly, support the servicing of small aircraft. 
2. 50 gpm. 
3. One-cylinder, two-stroke fuel-injected engine rated at 6.5 horsepower at 3,600 rpm. 
4. The inlet valve. 

230 
1. C–5, C–17, and C–130. 
2. (1) d. 

(2) f. 
(3) b. 
(4) c. 
(5) a. 
(6) e. 

3. The ADDS allows for direct servicing of aircraft. 
4. 300 gpm. 
5. The single-point nozzles on the ACE incorporate a built-in pressure/flow regulator that limits the fuel 

delivery pressure. 

231 
1. 10,000, 50,000, 200,000 and 210,000 gallon. 
2. Portability, minimum vapor loss, and all-weather capability. 

232 
1. To provide an interface for transfer of fuel from tanker aircraft to a maximum of three receiver aircraft 

simultaneously in austere or remote locations. 
2. A one-cylinder, air-cooled, 9.2-horsepower diesel. 
3. A pull rope mechanism.  
4. 365 gpm. 
5. Three. 

233 
1. 900 gpm. 
2. It flashes when a no flow/rupture or emergency stop activation occurs. 
3. Stop light. 
4. Air restriction gauge. 
5. NORMAL and AIR EVACUATION. 
6.  DMAN indicator. 
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234 
1. 1,200 gpm. 
2. To reset the differential pressure gauge. 
3. Simulates a high water level in the sump. 
4. 175 psi. 

235 
1. It is used in conjunction with other FORCE equipment to service aircraft. 
2. Liquid level sight gauge. 
3. 95 percent. 
4. Hose reel clutch handle. 
5. The battery charge is low. 
6. A communication error. 
 

Complete the unit review exercises before going to the next unit. 
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Unit Review Exercises 
Note to Student: Consider all choices carefully, select the best answer to each question, and circle 
the corresponding letter. When you have completed all unit review exercises, transfer your answers to 
the Field-Scoring Answer Sheet. 

Do not return your answer sheet to AFCDA. 

48. (225) Which fuels can be used to operate the engine of the R–14C fuel-servicing module? 
a. Jet fuel and gasoline. 
b. Jet fuel and diesel fuel. 
c. Diesel fuel and gasoline. 
d. Diesel fuel, jet fuel, and gasoline. 

49. (225) What is the rated capacity of the positive displacement meter on the R–14C fuel-servicing 
module? 
a. 400 gallons per minute (gpm). 
b. 500 gpm. 
c. 600 gpm. 
d. 700 gpm. 

50. (225) At what flow rate can fuel be pumped through one 2-inch overwing nozzle on the R–14C 
fuel-servicing module? 
a. 100 gallons per minute (gpm). 
b. 200 gpm. 
c. 300 gpm. 
d. 400 gpm. 

51. (225) What component on the collapsible coated fabric fuel tank allows for removal of water? 
a. Top vent. 
b. Open vent. 
c. Fill/discharge assembly. 
d. Tank-vent pipe assembly. 

52. (226) What is the purpose of the float valve on the R–22 pump assembly? 
a. To fill the engine tank. 
b. To pump fuel from drums. 
c. To fill the pump’s priming unit. 
d. To pump fuel from operating tanks. 

53. (226) What is the pumping rate of the R–22 trailer-mounted pump assembly at 1,000 revolutions 
per minute (rpm)? 
a. 100 gallons per minute (gpm). 
b. 125 gpm. 
c. 150 gpm. 
d. 175 gpm. 

54. (227) The canisters in the FFU–15E filter separator are constructed of 
a. steel. 
b. copper. 
c. bronze. 
d. aluminum. 



4–42 

55. (228) How many additives is the TPI–4T–4A additive injector capable of simultaneously 
injecting? 
a. 2. 
b. 3. 
c. 4. 
d. 6. 

56. (228) What type of meter is installed on the TPI–4T–4A additive injector? 
a. 100 gallons per minute (gpm). 
b. 250 gpm. 
c. 600 gpm. 
d. No meter is installed. 

57. (229) How many filter elements are installed on the PMU–27M filter separator? 
a. 3. 
b. 6. 
c. 9. 
d. 12. 

58. (230) How many tanks are used when the aerial bulk fuel delivery system (ABFDS) is installed 
on a C–5 aircraft? 
a. 6. 
b. 8. 
c. 10. 
d. 12. 

59. (230) What aerial bulk fuel delivery system (ABFDS) pillow tank component prevents the 
buildup of fuel vapors inside the aircraft? 
a. Fume detector. 
b. Crossover manifold. 
c. Flexible exhaust pipe. 
d. Automatic vapor eliminator. 

60. (230) On the aerial bulk fuel delivery system (ABFDS), how many wafer valves make up the 
refuel/defuel manifold of each pumping module? 
a. 4. 
b. 6. 
c. 8. 
d. 10. 

61. (230) What is the rated capacity of the filter separator on the Aerial Delivery and Dispensing 
System (ADDS)? 
a. 200 gallons per minute (gpm). 
b. 300 gpm. 
c. 400 gpm. 
d. 600 gpm. 

62. (231) What is the operating temperature range of the fuel bladders? 
a. –20 degrees Fahrenheit to 180 degrees Fahrenheit. 
b. –30 degrees Fahrenheit to 170 degrees Fahrenheit. 
c. –40 degrees Fahrenheit to 160 degrees Fahrenheit. 
d. –50 degrees Fahrenheit to 150 degrees Fahrenheit. 
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63. (232) How many receiver aircraft is the forward-area manifold cart capable of servicing at one
time?
a. 2.
b. 3.
c. 4.
d. 6.

64. (232) The forward-area manifold cart engine can run on all of the following types of fuel except
a. JP–5.
b. JP–8.
c. Gasoline.
d. Jet A.

65. (233) What gallon per minute (gpm) rate is an R–18 pumping unit capable of pumping aviation
fuel?
a. 450.
b. 600.
c. 900.
d. 1250.

66. (233) How many seconds does it take for the no flow/rupture alarm on the R–18 pumping unit to
illuminate once the no flow/rupture pressure switch is activated?
a. 5.
b. 10.
c. 20.
d. 40.

67. (233) What component on the R–18 pumping unit illuminates when the engine’s electronic
control module (ECM) indicates there is a serious problem?
a. Stop light.
b. Beacon light.
c. Warning light.
d. Emergency stop activated indicator.

68. (234) At what pounds per square inch (psi) setting will the pressure relief valve on the R–19 filter
separator unit open and send fuel to the sump tank?
a. 150.
b. 175.
c. 200.
d. 225.

69. (235) At what rate is an R–20 multiaircraft-servicing platform capable of supplying fuel through
two hoses at the same time?
a. 300 gallons per minute (gpm).
b. 600 gpm.
c. 900 gpm.
d. 1,200 gpm.
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70. (235) What R–20 component will illuminate when the servicing platform has communicated with 
the lead-pumping unit within the past 5 minutes? 
a. Beacon light. 
b. System shutdown indicator. 
c. High-level warning indicator. 
d. Communication active indicator. 
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Glossary of Abbreviations and Acronyms 
ABFDS aerial bulk fuel delivery system 

AC alternating current 

ACE alternate capability equipment 

ADDS aerial delivery and dispensing system 

AF Air Force 

AFI Air Force instruction 

amp ampere 

API American Petroleum Institute 

ATHRS air-transportable hydrant refueling system 

BCM body control module 

CONUS continental United States 

DC direct current 

DP differential pressure 

ECM electronic control module 

FAM forward-area manifold 

FARP forward-area rearming and refueling point 

FMO fuels management officer 

FOL forward-operating location 

FORCE fuels operational readiness capability equipment 

FSE fuels support equipment 

FSII fuel system icing inhibitor 

gpm gallons per minute 

hg mercury 

HHT hydrant hose truck 

hp horsepower 

HQ Headquarters  

in inch 

lb. pound 

LED light-emitting diode 

MADC milliamps direct current 

mph miles per hour 

MRSP Mobility Readiness Spares Package 

OL outside limits 

POL petroleum, oils, and lubricants 
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PPE personal protective equipment 

psi pounds per square inch 

PTO power takeoff 

RF radio frequency 

rpm revolutions per minute 

RPM 1 Remote Power Module 1 

SPR single-point receptacle 

TO technical order 

USAF United States Air Force 

V voltage or volt 

WRM war reserve materiel 

Ω ohms 



Student Notes 
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