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EXECUTIVE SUMMARY 

DDL OMNI was tasked to study the capabilities of three LVS rear body units (RBU) to 

determine if the capabilities of each RBU might be mounted on a flatrack, and then 

employed by the MK48/MK18A1. The LVS RBUs analyzed were the MK15 wrecker 

recovery variant, the MK16 fifth wheel variant and the MK17 dropside cargo variant, with 

crane. The use of a mission configured flatrack could eliminate four dedicated RBUs (if 

one considers replacing the MK14 with a MK18 and a flatrack), while allowing the 

flexibility of one vehicle performing all of the LVS capabilities.   We began by developing 

preliminary designs for each flatrack and finally performing an engineering analysis to 

determine if the flatrack design could meet or exceed the capability of the RBU it would 

replace. In the course of our research, we found that numerous Marine Corps studies, 

analyses and wargames, highlighted serious deficiencies in bulk liquid 

transportation/distribution. We performed an engineering analysis to determine how much 

bulk fuel (JP8/diesel) or bulk water could be transported given the various LVSR off road 

payload capabilities. In summary therefore, our analysis showed: 

MK15 Wrecker/Recovery: The MK15 wrecker/recovery RBU is used primarily to lift 

and tow fully loaded LVS from the front or rear. It is also capable of lifting and towing 

the HMMWV, and the Medium Tactical Vehicle. A heavy duty rear winch enables the 

wrecker to free mired vehicles. The wrecker is equipped with a material handling crane, 

and an auxiliary hydraulic circuit providing power for tools used by the vehicle operator. 

The MK15 Wrecker/Recovery capability can be mounted on a flatrack design due to the 

ease of mounting the current components and the limited dimensional requirements. 

Because the current "A" frame lifting unit has operational limitations, we identified a 

commercially available underlift design that can be adapted to a RBU frame, or to a 

flatrack. This underlift is called the T-50 and is available through a commercial vendor. 



In general though, a flatrack wrecker is not recommended because of the forces 

encountered by lifting and towing vehicles weighing up to 45 tons, and the attachment 

points for the flatrack. Our analysis indicated user difficulty in operating the existing A- 

frame lifting unit, so we recommend replacing that system with a recovery capability 

similar to the T-50 commercial underlift system available from Miller Industries. Based on 

this information a dedicated RBU is recommended for the MK15 Wrecker/Recovery 

Vehicle. The incorporation of the T-50 underlift system to either the dedicated RBU or 

flatrack would require modifications to the chassis of the MK18A1. The dedicated RBU 

and the flatrack design would require relocation of the winch and crane to allow ample 

space for stowage of the T-50 underlift system. Both designs would increase the current 

length of the RBU due to the stowage of the new T-50 underlift system however, the T-50 

could possibly be modified to stay within current dimensions. 

MK15 Dedicated / Flatrack RBU Cost Analysis: The flatrack wrecker/recovery variant 

is not recommended, but, it may be feasible to implement the T-50 underlift system on the 

dedicated RBU. The cost of installing a T-50 underlift system is approximately $60,000. 

MK16 Fifth Wheel Semi-trailer Adapter : The MK16 is used to haul semi-trailers with 

3.5 inch diameter kingpins. Its primary mission is to haul the M870 and M1000 semi- 

trailers. A rear winch mounted in front of the fifth wheel is capable of pulling a combat 

loaded main battle tank onto a semi-trailer without using the tank's own power. 

The MK16 Fifth Wheel Truck Tractor is not a recommended candidate for replacement 

using a flatrack design because the fifth wheel would be too high for the M870 or Ml 000 

semi-trailer. Also, the flatrack design increases the length of the current RBU and may 

cause turning radius problems. Lowering the height of the flatrack mounted fifth wheel 

would require major modifications to the MK18A1 suspension and Ml077 flatrack. In 

addition to the height and length problems, mounting point stresses of the flatrack while 

handling a load on the 5th wheel may pose a problem at the attachment points. 

Accordingly, we recommend the MK16 remain a dedicated RBU. 



MK16 Dedicated / Flatrack RBU Cost Analysis: An analysis was performed to 

determine a cost increase/decrease for using a flatrack mounted RBU. The dedicated 

RBU prices were based on the LVASA1 contract signed in FY95. Additionally, some 

costs were estimated and some obtained from Haystack. The cost analysis indicated that 

the flatrack/MK18Al fifth wheel RBU would cost approximately $60,000 more than a 

dedicated rear body unit with the same capabilities. 

MK17 Dropside Cargo, With Crane: The MK17 is used to transport palletized and 

dimensionally standard cargo in ISO containers. The side panels on the cargo bed can be 

dropped down or removed to ease loading and unloading activities. The side panels also 

provide seating for troops. A material handling crane at the rear of the vehicle is used to 

load and unload cargo and equipment. 

The current MK17 dropside cargo, with crane is an excellent candidate for replacement 

using a flatrack design due mainly to the simplicity of the current dedicated RBU. The 

vehicle length remains virtually the same when using the MK18A1 with a flatrack in place 

of the existing MK17. The crane can be mounted at the front or rear of the flatrack. The 

payload may be diminished some due to the 3000 lb weight of the flatrack itself. Current 

flatracks have a capacity of 16.5 tons which may be a problem with the higher LVSR 

payloads. The suspension of the MK18A1 would have to be enhanced to account for the 

additional weight of the flatrack. 

MK17 Dedicated / Flatrack RBU Cost Analysis: An analysis was performed to 

determine a cost increase/decrease for using a flatrack mounted RBU. The dedicated 

RBU prices were based on the LVASA1 contract signed in FY95. Additionally, some 

costs were estimated and some obtained from Haystack. The cost analysis indicated that 

the flatrack/MK18Al dropside cargo RBU would cost approximately $15,000 more than 

a dedicated rear body unit with the same capabilities. 

in 



Bulk Liquid Flatracks: The Marine Corps has a serious deficiency in delivering large 

quantities of bulk liquids. Currently, bulk water and fuel are delivered using the SIXCON 

tank and pump modules. These modules are highly inefficient because of their unfavorable 

payload to tare ratio. We did an engineering analysis of the US Army's 3000 gallon fuel 

tank mounted, on a flatrack, and an analysis of a commercial fuel tank (Hapaag-Lloyd) 

with a higher tare weight, to determine the number of gallons the LVSR could haul given 

off road payload capacities of 12.5 tons, 16.5 tons, and 22.5 tons. We investigated 

dedicated RBUs and a tank design that is incorporated into a flatrack that could be loaded 

and unloaded by the MK18A1. The tank would have the capability of pumping 250 gpm 

from two hoses. Each hose would be 50 feet long. 

DDL OMNI's analysis indicates from a design point of view that both the dedicated fuel / 

water RBU and a flatrack mounted fuel / water tank are feasible. The one disadvantage of 

having a flatrack mounted RBU is the 3000 lb penalty paid for the weight of the flatrack 

causing less fuel and or water to be carried as compared to the dedicated RBU. An 

important finding is that given an offroad payload of 22.5 tons for the LVSR fuel and 

water tanks in the 5000 gallon range are feasible. This could replace some of the aging 

M970 refueler semi-trailers in the USMC inventory. An advantage of the flatrack design 

is that, it allows for other missions and functions to be performed by the MK18A1 system 

after you drop off the flatrack where as the dedicated unit does not. 

IV 
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1.0 INTRODUCTION 

1.1 Background: 

In the future, the Marine Corps will be operating "Forward From the Sea" in the littorals 

in concert with the US Navy. "Forward From the Sea" has generated the Marine Corps 

"Operational Maneuver From The Sea" and "Ship to Objective Maneuver" concepts that 

are shaping future requirements at the strategic, operational and tactical levels. 

Marine Corps requirements for transportation units supporting MAGTF forces ashore 

operating in the littorals, will shape the capabilities and characteristics of the LVSR rear 

body variants. The capabilities and characteristics will be determined by examining the 

mission, threat and the operational scenario. The amount and type of cargo being 

transported, where its coming from, and where it will be delivered will determine the 

specific rear body capability. 

Based on guidance from MARCORSYSCOM, we began our RBU design by looking into 

a standard RBU that would be able to lift/load different mission specific modules mounted 

on a pallet or flatrack.  Since the MK18A1 is similar in design to the US Army Palletized 

Loading System, it is assumed that this type of lifting capability will be the lift capability of 

choice for the LVSR. 

1.2 Purpose of Task: 

The purpose of this report is to discuss the results of our investigation into developing a 

standard flatrack capability for the existing LVS RBU's while maintaining or improving 

the current capabilities. DDL OMNI wanted to determine if it was feasible to replace 

current rear body units with the MK18A1 with a series of flatracks similar capabilities. 

AutoCad was used to develop the concepts. DDL OMNI evaluated the pro's and con's of 



each flatrack design, and provided cost comparisons for new designs versus the existing 

RBU's. DDL OMNI has provided recommendations for the feasibility of the flatrack 

designs to replace the current RBU's. 

During our analysis of RBU capabilities, we were asked to develop preliminary concepts 

for a new dedicated fuel and water rear body unit and palletized fuel and water mission 

module(s). Capacities varied based on the 12.5 ton, 16.5 ton, and 22.5 ton off road 

capability that is currently being investigated. The U.S. Army's Palletized Load System 

(PLS) Total Distribution system was used as a benchmark for this investigation. 



2.0 PRE-ANALYSIS PHASE 

2.1 Current Capabilities: 

DDL OMNI began by examining the current RBU's capabilities. The following is a list of 

those capabilities: 

MK48/15 Wrecker / Recovery Vehicle 

• lift Steel Cargo body with for/aft storage compartments 

• 9,000 lb Material Handling Crane 

• 60,000 lb Recovery Winch 

• Tow Loading: 32,000 lb 

• Payload: 10 ton 

• Lift and Tow fully loaded LVS, MTVR and HMMWV from front and rear 

• Capable of towing LAV 

MK48/16 5th Wheel Truck Tractor 

.    Tows the M870 40 ton low bed semi-trailer and the M1000 Heavy Equipment 

Transporter 

• Fully oscillating 5th wheel for 3.5" kingpin 

• 60,000 lb Recovery Winch 

• 5th Wheel Loading: 46,000 lb 

MK48/17 Dropside Cargo Truck 

• 16 ft Steel cargo body with drop sides, troop seats and cargo cover 

• 9,000 lb Material Handling Crane 

• Payload: 10 ton off-road, 19.5 ton on-road 



MK48/18 ISO Container/Ribbon Bridge/Boat Hauler 

• Able to transport 20 ft ISO container, Payloads up to 45,000 lb 

• Able to transport ribbon bridges 

• Able to transport Boat Hauler 

2.2 Government / Commercial Programs: 

DDL OMNI gathered and analyzed information that we felt would be pertinent to the 

feasibility study. We examined the current PLS Total Distribution System and the Ml 077 

Flatrack (payload capacity 16.5 tons) that is associated with this system because the 

current MK18A1 employs a similar system. The current PLS system has a hydraulically 

powered arm with a hook that lifts the flatrack on or off the rear body. Our investigation 

uses the Ml077 flatrack shown in Figure 1 as the foundation for the flatrack RBU's. 

Modifications to the flatrack may be necessary and are indicated in the report. 

r 

Figure 1.0 M1077 Flatrack 

We also reviewed the following programs that may impact our investigation such as data 

on the HEMMT M977 Series Truck; the Boughton Mlitary Pallet Loading System 



(DROPS/PLS); the PLS Alternative Use 3000 gallon Fuel Tank and Pump Module as well 

as the 3000 gallon Bulk Water Transport and Pump Module, Atlas Polar's Multilift Quick 

Change Body Systems as well as the Moxy Truck MT30 LHS. DDL also contacted 

Tampa Tank, Inc. an industry leader in the design and manufacturing of tank systems, to 

obtain their expertise on tank design. Another commercial company that provided us with 

valuable information concerning the Recovery/Wrecker RBU was Miller Industries. 

Miller Industries is the global leader in state of the art vehicle recovery systems used 

commercially throughout the United States. 



3.0 RBU / Flatrack Investigation 

3.1 MK48/15 - Wrecker/Recovery Vehicle 

Before proceeding with the MK15 analysis we met with the user to determine if there 

were any current shortfalls with the existing system. The user indicated that the existing 

A-Frame lifting unit system is difficult to use. Based on this information DDL OMNI 

examined commercially available, state of the art recovery systems that may be adaptable 

for use on the LVSR to replace the current system and provide current if not better 

capability both on and off road. Our analysis was based on an underlift system. 

Initially, it would appear that the current MK15 Wrecker/Recovery vehicle shown in 

Figure 2.0 would be a good candidate for replacement by a flatrack. All current 

Figure 2.0 MK15 Wrecker/Recovery Vehicle 



capabilities could be mounted on the flatrack and it would be very easy to load and employ 

using a MK18A1. However, because the current "A" frame lifting capability has been 

regarded as unsatisfactory, we investigated mounting a commercial underlift design. Here 

is where we ran into problems with the flatrack. 

The MK15 main components consist of an 11 ft steel cargo body with for/aft storage 

compartments, 135,000 ft lb crane and a rear mounted 60,000 lb recovery winch for 

assisting disabled vehicles. Taking these components, excluding the A-frame which will 

be replaced by an underlift system and mounting them on a flatrack would require design 

modifications to the frame and flatrack. Problems may also arise when we attempt to 

attach the flatrack to the frame. Since the MK18A1 system attaches at only four points 

the forces endured by these locations while using the underlift system may pose a problem. 

The mounting of the state of the art underlift recovery system poses the largest challenge. 

To gain insight into the difficulties we may encounter with underlift systems, DDL OMNI 

met with Capitol Truck Corporation and WIL-BAR Truck Inc. who are both distributors 

of Miller Industries wrecker recovery systems under the brand names of Century and 

Challenger just to name a few. Eventually, we met with representatives of Miller 

Industries to discuss how the current state of the art recovery systems may be adapted to 

the existing LVS RBU or how the system could be implemented on a flatrack such as the 

Ml077 and what problems we may encounter. 

DDL OMNI provided representatives from Miller Industries and Capitol Truck 

Corporation with drawings and pictures of the existing MK15 and the M1077 Flatrack. 

We explained to them the current capability of the recovery system to see if they had a 

system that would provide the same if not improved capability and if it was feasible to 

mount it to a flatrack or a dedicated RBU. Based on our requirements, Miller 

representatives recommended the T-50 underlift system as a viable candidate for the 

dedicated RBU and possibly the flatrack. Please see the enclosed brochure on the T-50 

underlift system in Appendix A of this report. Miller could not provide us with detailed 



designs but indicated it would be feasible to use an underlift system for the dedicated RBU 

and flatrack. They informed us that the mounting location for the T-50 and storage 

location may cause some difficulty. 

A response to the NSWC, Carderock BAA was submitted to investigate this task further. 

DDL OMNI teamed with Miller Industries who committed to providing us with a detailed 

implementation of the T-50 underlift system on the current MK15 and the M1077 

Flatrack. 

The investigation indicated various pro's and con's for a flatrack and a dedicated RBU for 

the Wrecker/Recovery vehicle. That information and recommendation based on the 

feasibility study is as follows: 

3.2 Pro's and Con's 

3.2.1 Flatrack 
Pros: 

• A-Frame is complex and time consuming to operate on current system 

• Allows for family of Flatracks and one common chassis (MK18A1) 

Cons: 

Risk involved in locating underlift system (storage) and weight/load 

management on existing RBU 

Modifications necessary to Flatrack and chassis may offset T-50 underlift 

capability 

Attaching underlift to chassis negates flexibility of the flatrack ' 

Current T-50 stowage location extends existing length of RBU 

Incorporation of underlift system will cause existing crane and winch 

locations to change 



3.2.2 Dedicated RBU 
Pros: 

• State of the art commercial recovery equipment (T-50 underlift system by 

Century) adaptable to LVS 

• Underlift does away with A-Frame that is complex and time consuming to operate 

on current system 

• Cost effective 

Cons: 

• Risk involved in locating underlift system (storage) and weight/load 

management on existing RBU 

• Modifications necessary to Flatrack and chassis may offset full T-50 underlift 

capability 

• Current T-50 stowage location could extend length of RBU beyond MK15 

• Incorporation of underlift system will cause crane and winch existing 

locations to change 

• Eliminates ability to have a family of Flatracks and one common chassis 

3.3 MK15 Dedicated RBU vs. MK15 Flatrack RBU Cost Analysis 

DDL OMNI performed a cost analysis to determine the cost effects of using a Flatrack 

design for the RBU as compared to the existing dedicated RBU's. Production prices were 

based on the LVSA1 contract signed FY95. Some costs were estimated and others were 

obtained from HAYSTACK. 



*## 

3.3.1 Cost Analysis 

MK15A1 Wrecker / Recovery Vehicle $ 205,342* 

vs. 

Flatrackw/MK18A1 

MK18Al Container Hauler $115,800* 

Ml 077    Flatrack $    6,873** 

Material Handling Crane (est.) $ 25,000 

DP Winch (60,000 lb) (est.) $ 16,000 

A-Frame (32,000 lb) (est.) $ 20,000 

T-50 Underlift System $ 60,000 

Total: $ 243,673 

Pricing: 

* Production prices provided by MARCORSYSCOM based on the LVSA1 contract 

signed FY95. 

**   Haystack 

*** Miller Industries 

3.3.2 Results 

• Cost data indicates a $3 8K increase using the Flatrack w/ MK18 Al for the MK15 

Wrecker Recovery RBU although the flatrack has added capability with the T-50 

Underlift system (ease of operation, state of the art). 

3.4 Recommendation: 

A dedicated RBU is recommended for the LVSR Wrecker/Recovery Vehicle. First, major 

modifications would be required to incorporate the T-50 underlift system on the Ml077 

flatrack. Secondly, the ability to unload and load the flatrack with the T-50 underlift 

10 



system involves high risk and may not be able to be done.   The flatrack wrecker is also 

not recommended because of the mounting point stresses encountered by the flatrack 

while lifting and towing vehicles weighing up to 45 tons. This may require that new 

attachment points be added which negates the use of a flatrack. Finally, the cost to use a 

flatrack is approximately $38K more than using a dedicated RBU as determined in our 

analysis. 

Miller Industries would participate in an effort to streamline the design for stowing the T- 

50 with the least implications to the necessary capability requirements. To employ the 

flatrack, modifications such as cutting away some of the flatrack to allow proper storage 

of the T-50 underlift system is necessary contributing to the flatrack being a non-viable 

solution. 

The following two figures, Figure 3.0 MK15 Dedicated Wrecker/Recovery Vehicle and 

Figure 4.0 MK15 Wrecker/Recovery Vehicle with Flatrack depict the preliminary designs 

that were created in AutoCad and evaluated during the RBU/Flatrack analysis. 

T-50 Underlift 
U   Deployed 

T-r-f    T-50 Underlift 
Stowed 

Figure 3.0 MK15 Dedicated Wrecker/Recovery Vehicle 

11 



T-50 Deployed 

T-50 Stowed 

Figure 4.0 MK15 Wrecker/Recovery Vehicle with Flatrack 

Although Miller Industries provided us with limited information concerning the 

necessary mounting points and stowage capability of the T-50 underlift system we were 

still able to make preliminary designs that were the basis for our evaluations. 

Please see Figure 5.0 Commercial Wrecker Recovey Vehicle Systems and the attached 

Miller Industries Challenger T-50 underlift system brochure in Appendix A for 

additional information. 

Figure 5.0 Commercial Wrecker Recovery Vehicle Systems 

12 



3.5 MK48/16 - 5th Wheel Truck Tractor 

The MK16 main components consist of a fully oscillating 5th wheel accepting a 3.5" 

kingpin with a 5th wheel loading of 46,000 lb, and a 60,000 lb recovery winch, which 

enables the MK16 operator to recover disabled vehicles by winching them on to the towed 

semi-trailer. The MK16 tows the M1000 and M870A1 semi-trailers. Taking these 

components and mounting them on a flatrack would require changes to the existing 

flatrack. Using the flatrack as currently designed and stowed on the MK18A1 will not 

allow for proper height positioning of the 5th wheel. The current MK16 is shown in 

Figure 6.0. 

Figure 6.0 MK16 5th Wheel Truck/Tractor 

DDL OMNI contacted Atlas Polar's Multilift Quick Change Body Systems in Ontario, 

Canada who has developed a 5th wheel rack system, mounted on rails, that allows for 

proper adjustment of the 5th wheel both horizontally and vertically. Although detailed 

information on their design was not provided, we were able to ascertain that there is a 

13 



feasible design available, however, modifications to the flat rack would be extensive and 

therefore carry with it a high degree of risk. 

Figure 7.0, MK16 5th Wheel Truck Tractor with Flatrack, depicts the preliminary design 

that was created in AutoCad and used to evaluate the MK16 RBU/Flatrack. 

Figure 7.0 MK16 5th Wheel Truck Tractor with Flatrack 

As discussed earlier, DDL OMNI was in contact with Atlas Polar Company Limited based 

in Toronto, Canada that produces the Multilift Quick Change Body Systems that range in 

capacities from 3 to 22 tons. Atlas has designed a 5th wheel flatrack system. As indicated 

earlier, their 5th wheel flatrack design was open in the middle with rails that allowed the 

5th wheel to adjust to pre-determined height and horizontal mounting locations as 

required. 

14 



3.6 Pro's and Con's 

3.6.1 Flatrack 
Pros: 

Cons: 

Allows for a family of Flatracks and one common chassis (MK18A1) 

Commercial designs are available from multiple sources 

Current RBU is approximately 5 ft shorter in length than the MK18A1 

Proper vertical positioning of 63" for the 5th wheel on the current Ml077 

Flatrack becomes a challenge 

The increased length may contribute to turning radius problems 

Flatrack without modifications will cause the existing 5th wheel height 

location of 63" to increase 23" 

3.6.2 Dedicated RBU 
Pros: 

• Allows for proper 63" positioning of the 5th wheel 

• Increased length due to flatrack is eliminated 

• Turing radius problems due to increased length are eliminated 

• Current design (MK16) is adequate 

Cons: 

• None 

15 



3.7 MK16 Dedicated RBU vs. MK16 Flatrack RBU Cost Analysis 

DDL OMNI performed a cost analysis to determine the cost effects of using a Flatrack 

design for the RBU as compared to the existing dedicated RBU's. Production prices are 

based on the LVSA1 contract signed FY95. Some costs were estimated and others were 

obtained from HAYSTACK. Following the cost analysis, results are provided. 

3.7.1 Cost Analysis 

MK16A1 5th Wheel Truck Tractor $ 88,801* 

vs. 

Flatrack w/MKl 8 Al 

MK18A1 Container Hauler $115,800* 

Ml 077    Flatrack $    6,873** 

DP Winch (60,000 lb) (est.) $  16,000 

5th Wheel (est.) $ 1M00 

Total: $ 148,673 

Pricing: 

*      Production prices provided by MARCORSYSCOM based on the LVSA1 contract 

signed FY95. 

**   Haystack 

3.7.2 Results 

•    Cost data indicates a $60K increase using the Flatrack w/ MK18Al for the 5th Wheel 

Truck Tractor although this design is not feasible. 

16 



3.8 Recommendation: 

The current MK16 5th Wheel Truck Tractor is not a good candidate for replacement 

using a flatrack design because of the major flatrack and MK18A1 modifications required 

to meet the 63" 5th wheel height requirement. Also, the flatrack design increases the 

length of the current RBU and may cause turning radius problems. Additionally, 

mounting point stresses at the attachment points of the flatrack while handling the 43,000 

lb 5th wheel load may require that additional attachment points be added to the flatrack. 

These additional attachment points increase the number of modifications to the flatrack. 

Accordingly, a dedicated RBU is recommended for the MK16 5th Wheel Truck Tractor. 

The 5th Wheel Truck Tractor RBU meets the required length and 5th wheel height. 

3.9 MK17 - Dropside Cargo Truck (Breakbulk Cargo / Troop Hauler) 

The current MK17 Dropside Cargo Truck with crane is an excellent candidate for 

replacement using a flatrack design due to the simplicity of the current dedicated RBU. 

The MK17's main components consist of a 16 ft steel cargo body with fold down sides 

and a 9,000 lb material handling crane. The current payload is 10 tons off-road and 19.5 

tons on-road. Taking these components and mounting them on a flatrack would require 

minimal changes to the existing flatrack. The vehicle length remains virtually the same 

when using the MK18A1 with a flatrack in place of the existing MK17. Although the 

length remains the same the cargo bed and crane height are increased. This increase in 

height will raise the center of gravity of the RBU and may cause vehicle stability problems 

at the proposed new height. This must be examined further to obtain conclusive results. 

See Figure 8.0 for the MK17 Dropside Cargo Truck. 

17 



Figure 8.0 MK17 Dropside Cargo Truck 

The investigation indicated various pro's and con's for a flatrack and a dedicated RBU for 

the MK17 Dropside Cargo Truck. That information and a recommendation based on the 

feasibility study is as follows: 

3.10 Pro's and Con's 

3.10.1 Flatrack 
Pros: 

The current RBU is approximately the same length as the MK18 RBU and should 

not pose a problem with the flatrack design 

• Allows for a family of Flatracks and one common chassis (MK18A1) 

Cons: 

Flatrack may erode payload capacity by adding an additional 3000 lb to the weight 

of the RBU 
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Stress at the attachment points must be examined due to increased load 

Height of cargo bed and crane increased, RBU CG rises and may cause stability 

problems 

3.10.2 Dedicated RBU 
Pros: 

• Lift stress more evenly spaced over frame. 

Cons: 

• Dedicated unit cannot perform other mission/functions 

3.11 MK17 Dedicated RBU vs. MK17 Flatrack RBU Cost Analysis 

DDL OMNI performed a cost analysis to determine the cost effects of using a Flatrack 

design for the RBU as compared to the existing dedicated RBU's. Production prices 

based on the LVSA1 contract signed FY95. Some costs were estimated and others were 

obtained from HAYSTACK. Following the cost analysis, results are provided. 

3.11.1 Cost Analysis 

MK17A1 Dropside Rear Body Unit $ 134,794* 

vs. 

Flatrack W/MK18A1 

MK18Al Container Hauler $115,800* 

Ml 077 Flatrack $    6,873** 

Dropsides (est.) $    2,500 

Material Handling Crane (est.) $ 25,000 

Total: $ 150,173 
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Pricing: 

*      Production prices provided by MARCORSYSCOM based on the LVSA1 contract 

signed FY95. 

**   Haystack 

3.12 Results 

.    The cost data indicates a $15K increase using the Flatrack w/MK18Al for the MK17 

Dropside Cargo RBU. 

3.13 Recommendation: 

A flatrack design is recommended for the MK17 Dropside Cargo Truck. Based on our 

analysis the flatrack design for the MK17 seems to be the most feasible. The vehicle 

length remains virtually the same when using the MK18A1 and a flatrack in place of the 

existing MK17. The payload may be diminished some do to the 3000 lb weight of the 

flatrack itself. The problem may be with the suspension of the MK18A1 that will be 

carrying the flatrack consisting of the necessary modifications to include the dropside 

cargo storage and crane. Further, the rise in the height of the cargo bed and crane due to 

the flatrack may cause instability in the rear body unit. This needs to be investigated 

further. 

The following figure, Figure 9.0 MK17 Dropside Cargo Truck with Flatrack depicts the 

preliminary design that was created in AutoCad and evaluated during the dedicated RBU/ 

Flatrack analysis. 
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Figure 9.0 MK17 Dropside Cargo Truck with Flatrack 
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4.0 FUEL/WATER DEDICATED RBÜ/FLATRACK 
INVESTIGATION 

4.1 Analysis 

DDL OMNI performed an analysis to determine the feasibility of making a dedicated 

RBU or Flatrack that will transport bulk fuel and water. We contacted Haapag Lloyd 

and the US Army PLS Alternative Use Team which has been examining ISO compatible 

tankrack applications such as the fully contained, flatrack mounted 3000 gallon fuel tank 

and pump unit for the PLS. We informed them we were looking at exceeding the 3000 

gallon threshold and asked if they could provide us with information on both the 3000 

gallon water and 3000 gallon fuel transports. Figure 10.0 depicts the PLS Alternative 

Use Team 3000 gallon Tankrack design completed in November 1996. 

Figure 10.0 PLS Alternative Use Team 3000 gallon Tankrack 
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The PLS team indicated that the idea for developing these alternative mission modules 

arose from the volume of comments coming from the field as to the multiple uses for 

which the user could envision using the PLS, as well as the great success of the English 

version of the PLS which had been used for a variety of missions during Operation Desert 

Storm. Also, the Combat Systems Support (CSS) Operational Capabilities Requirements 

are placing a greater emphasis on the need for tactical CSS units to keep pace with 

maneuver units, a capability for which the PLS is uniquely suite with its improved 

mobility. This reasoning can also be applied to the  LVS-R. DDL OMNI hoped to 

develop a design similar to the US Army's fuel tank design. Each system would have the 

features shown in Table 1. 

Table 1.0 Bulk Liquid Tank Features 

Features 
Automotive / 
Aircraft Refueling 

Water/Drinking 
Water 

Tan krack Heavy Duty Style Heavy Duty Style 

Compatability PLS/DROPS PLS/DROPS 

Tank Mounts Floating Floating 

Capacity >3000 gal >3000 gal 

Material Stainless Steel Stainless Steel 

Compartments One One 

GPM High Flow 250 250 

GPM Low Flow 0-60 0-60 

Filter/Seperator Optional N/A 

Meter One N/A 

Delivery Reels/Hoses Two Two 

Bypass System Standard Standard 

Engine 1 Cylinder Diesel 1 Cylinder Diesel 

Pump Centrifugal 3x2 Centrifugal 3x2 

Fuels JP-5, JP-8, Diesel N/A 

Dust Control N/A Spray Bar 

Faucets N/A up to Four 

Chiller N/A Optional 

Heater N/A Optional 
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We concentrated our efforts on determining the size of the tanks we could develop to 

determine the number of gallons the LVSR could haul given off road payloads of 12.5, 

16.5 and 22.5 tons. A spreadsheet was developed to determine and track the size of the 

tanks that could be used. See Appendix B. Bulk Water and Fuel Tank Sizes. A range of 

Payload/Tare ratios starting initially with the Happag Lloyd design (2.26) and the current 

PLS design (6.00) were evaluated. Based on these ranges we were able to determine 

various bulk liquid capacities of the tanks to support each payload category. The size of 

the tanks also depended on the area to hold the tank along with a designated area for a 

pumping unit. This was done for both the flatrack and dedicated RBU designs. Our 

analysis was driven by a desire to keep the center of gravity as low as possible. The tank 

sizes generated for each payload, various payload/tare ratios and whether it's for a 

dedicated RBU or flatrack design are shown in Figure 11.0 LVS-R Water/Fuel RBU 

without Flatrack and Figure 12.0 LVS-R Water/Fuel RBU with Flatrack. These figures 

depict the penalty you pay for the additional 3000 lb that the flatrack adds to the payload. 

For instance, the fuel and water tank designs without the flatrack had maximum capacities 

of 5022 gallons for water and 6052 gallons for fuel at a payload/tare ratio of 6.00 which 

was the same as the PLS's design. Basically, the higher the payload/tare ratio the more 

you can carry per the tank designs own weight. 
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LVS-R 
WATER/FUEL 

RBU 
(ithDi/t FLATRACK 

Payload/Tare 

-2.26  ta*xagUoyd 

-6ÄJ   FlSSyatem 

12xBx3.24 1&XBX3DD 

B36B gal. - £924 pot. 

1&XBX3.B& 

37&E eat, 

FUEL 
1&XBX5.1) 

4892 gat.  "" 

FIEL 
17x6x5.95 
&D52 Bol. 

15x9x4.D9 
357] gal. 

16xBx4.74 
453B gat. 

NOTE; Hpasurenen-ts are in feet. 
Punping Unrt &i Rear of RB 

Figure 11.0 LVS-R Water/Fuel RBU without Flatrack 

LVS-R 
WATER/FUEL 

RBU 
«ith Flatrack 

Payload  /  Tare 
&,00     PLS System 
2.26    Hupng Lloyd 

VATER' 
H«8<327 15<M17 
278B D°l 3444 Bai' 

FUEL' 
L6xBxfl.79 1&XBX5.9B 

1&x6*4.34 *5B& gaL 5&6B gal. 

4155 col. 

12.5 TON 
PMLDM) 

16.5 TON 
PAYLQAD 

22.5 TON 
PAYLOAD 

NOTE. Meosurenents  ore  in feei. 
Purping unit  at  rear of" RBI 

Figure 12.0 LVS-R Water/Fuel RBU with Flatrack 
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DDL OMNI contacted Tampa Tank, Inc. to determine the feasibility of manufacturing the 

size tanks that were developed in our analysis. Tampa Tank indicated there wouldn't be a 

problem manufacturing the tanks to fulfill these payload requirements. 

4.2 Recommendations 

From a design point of view both the dedicated fuel/water RBU and a flatrack mounted 

fuel/water tank are feasible. The one disadvantage of having a flatrack mounted RBU is 

the 3000 lb penalty for the flatrack, which reduces the amount of fuel and or water that 

can be transported. An important finding is that given an offroad payload of 22.5 tons for 

the LVS-R, fuel and water tanks in the 5000 gallon range are feasible. This could replace 

some of the aging M970 refueler semi-trailers in the USMC inventory. An advantage of 

the flatrack design is that it allows for other missions and functions to be performed by the 

MK18A1 system after you drop off the flatrack where as the dedicated unit does not. For 

example, the flatrack module can be delivered to a grid coordinate where combat vehicles 

will refuel. In this way, one vehicle can deliver to multiple areas. Also, multiple tanks 

delivered to one area creates, in effect, a mobile fuel farm. 

A response to the NSWC, Carderock BAA was submitted to investigate this task further. 

DDL OMNI teamed with Tampa Tank, Inc. to pursue the design of this Flatrack Fuel/ 

Water distribution system further and build an actual prototype for testing on the 

MK18A1. 
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5.0 CONCLUSION 

The study performed at DDL OMNI analyzed whether it was feasible to take the 

capabilities of three RBU's (MK15, MK16, and MK17) and mount them on a flatrack that 

could be picked up by the MK18A1. This would eliminate four dedicated RBU's (if one 

considers replacing the MK14 with the MK18A1 and a flatrack), while allowing the 

flexibility of one vehicle performing all of the LVS capabilities.   We also performed an 

analysis to determine the feasibility of using bulk liquid (fuel/water) flatracks to replace the 

current SIXCON tank and pump modules. The current system has a serious deficiency in 

delivering large quantities of bulk liquids. 

The RBU analysis indicated that the MK17 is the most feasible candidate for replacement 

using a flatrack design due mainly to the simplicity of the current dedicated RBU. The 

MK17 analysis indicated a possible problem with vehicle stability due to the rise in height 

of the cargo bed and crane when using a flatrack. The analysis showed that the MK15 

Wrecker/Recovery and the MK16 Fifth Wheel Semi-trailer Adapter are not good 

candidates for replacement using a flatrack design. The MK15 analysis indicated that the 

forces encountered by lifting and towing vehicles weighing up to 45 tons would cause 

problems at the flatrack attachment points. The MK16 analysis showed that major 

modifications would be needed to the flatrack to incorporate the fixed height location for 

the 5th wheel. Upon examining cost data to convert the three RBU's being analyzed to 

flatrack designs as compared to the current dedicated RBU's it indicated a cost increase 

for all three whether it was feasible or not. 

DDL OMNI's bulk fuel/water analysis indicated that from a design point of view that both 

the dedicated fuel/water RBU and flatrack mounted fuel/water tank are feasible. Our 

study showed that given an offroad payload of 22.5 tons for the LVSR, fuel and water 

tanks in the 5000 gallon range are feasible. 
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The information gathered from this study is just a starting point. The next step in this 

analysis is to build and test prototypes to determine overall feasibility and if the capabilities 

meet the Marine Corps requirements for transportation units supporting MAGTF forces 

ashore operating in the littorals. 
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APPENDIX A. T-50 Underlift System Brochure 
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Heavy Duty Series 

Standard Equipment 
• Fenderettes 
• Safety holding valves on all cylinders 

. • Hydraulic rear jack legs with multi- 
position spades 

• Twin hydraulic pumps 
• Power boom elevation 
• Dual outboard side-by-side elevation 

cylinders 
• Single stage power extension 
• Lubrication fittings on all moving parts 
• 94" wide body with flat floor and 

wraparound canted tailgate 
• 15" sill channels 
• Dual control stations recessed at rear 

• Mud flaps 
• Federal standard 108 light group 
• Wiring harness in conduit 
• Provision for truck bar 
• Vernier throttle control 
• Four 12 cu. ft. tool compartments with 

shelves and stainless steel locking slam 
latches 

• Safety chains 
• Rear mounted recovery anchors 

Optional Equipment 
• Air clutch release on winches 
• Rear mounted drag winch 

Too! compartment lighting 
Chrome handrails and boarding steps 
Formed steel light bar pylon 
Light bar 
Cable tensioners 
Switch panels 
Air shift PTO 
Cable wings 
Aluminum package 
Work lights 
Snatch blocks 
Additional tool compartments 
Door closures 
Rear mounted air and seven-way plug 

Wrecker Specifications 

Boom 
Basic structural rating retracted 

extended 
Reach past tailgate retracted 

extended 

Range of elevation 
Winch 
Type 
Capacity per winch 
Cable size 
Line configuration 
Chassis Recommendations 
GVW  
RB.M.(in./lb.) (each rail) 

5802 

40,000 lbs. 
12,000 lbs. 

2" 
67 1/2" 
0° - 50° 

worm gear 
20,000 lbs. 
9/16" x 200' 

dual 

27,500 lbs 
2.000.000* 

6801 

70,000 lbs. 
24,000 lbs. 
-4 3/4" 
78 3/4" 
0° - 57° 

worm gear 
25,000 lbs. 
5/8" x 200' 

dual 

40,000 lbs. 
2.500.000 

6807 

70,000 lbs. 
20,000 lbs. 

24" 
180" 

0° - 50° 

worm gear 
30,000 lbs. 
5/8" x 200' 

dual 

52.000 lbs. 
3,500.000 

8807 

100,000 lbs. 
34,000 lbs. 

24" 
180" 

0° - 50° 

worm gear 
45,000 lbs. 
3/4" x 250' 

dual 

60,000 lbs. 
3,500.000 

9907 

120,000 lbs. 
50,000 lbs. 

24" 
180" 

0° - 50° 

planetary 
60,000 lbs. 
7/8" x 250' 

dual 

72,000 lbs. 
4.000.000 

Optional Underlift Specs 
Lift capacity (lbs.)   retracted 

extended 

Tow capacity 
Extended reach past tailboard 
Tilt 

degrees above 
below 

T-12T with 5802 only 
12,000 
10,000 
50,000 

85" 
independent 

10° 
10° 

T-25 
25,000 
13,000 
80.000 

85" 
independent 

15° 
10° 

T-50 
50,000 
16,000 
84.000 

114" 
independent 

15° 
10° 

„vie rha«k k recommended (the 5802 may also use a single); consult factory for more information. Minimum frame 
if4VF^eou«?de™ rails of chassis extending behind* cab must be free of fuel and air tanks, battery boxes etc 
" 7?- JS:?- .'2„r£m:J„i„,„Zn.   no not exceed recommended working strength of cable (consult factory) 

General information    A tandem 
length behind center line of rear axle „ „.„,,„,;„„ 
Warning:  Do not exceed the boom or winch rating when hoisung or recovering 
when planning your cable rigging. Use snatch blocks and multiple lines to keep normal loads on cable. 
* With tandem axle. 1,000,000 in./lb. with single axle. 

• Specifications subject to change without notice. 

Challenger Representative: 

J^WF##4C~#INDUSTRIES 
TOWING EQUIPMENT INC. 

8503 Hilltop Drive 
P O Box 120, Ooltewah, TN 37363 
Phone: (423) 238-4171   1-800-292-0330 
FAX: (423) 238-5371 
10M-0596 
NOTE: Chaltenscr n«rv« ,h, nSh,. wUhou. «« and wuhou. obl.caUcn. ,o improve or mod.fv products, which may chance ,hc sp.c.fca.ions. mode.s. and fea.ure aval.ab.mv. 



APPENDIX B. BULK WATER and FUEL TANK SIZES 
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