T2000 Kenworth “Wet Kit” Project

This project to install a wet kit will require knowledge and skills in the following areas: 

1) Reading & Research

2) Math

3) Geometry

4) Report Writing

5) Hydraulics

6) Electrical

7) Electronics & Programming

8) Air Systems & Brakes

9) Transmissions

10) Welding & Fabrication

11) Frames

12) Fasteners

Here is a brief description of how the above-mentioned skills will come into play on this project: 

1) Reading & Research: Extensive reading and research will have to be done to determine the correct assembly methods for the PTO, proper wiring and programming for the PTO, and determining the speed of the hydraulic pumps via the PTO ratio, among other things.

2) Math: Ratios and proportions will be used to determine pump flow for a given pump speed, percentages to determine PTO speed for a given engine speed, and area and volume calculations to determine cylinder speed and output force, and reservoir size.
3) Geometry: An air chamber will be mounted and used to actuate the clutch pedal linkage remotely. The geometry of the linkage will be critical for proper force and travel. 

4) Report Writing: A detailed summary will be required when the work is completed to justify all of your time spent on this project
5) Hydraulics: A thorough knowledge of hydraulics will be required to select the proper pumps, control valve, reservoir location, filters, hose sizes, fittings, etc. 

6) Electrical: A comprehensive knowledge of basic electrical systems will be needed to wire up the control panel for external PTO controls and remote engine start. Components used will include relays, switches (momentary and/or NO or NC), fuses, wire, heat shrink, etc. 

7) Electronics & Programming: The Caterpillar C15 engine will need to be wired up and then programmed (“configured”) to accept external PTO switches. Additionally, the engine ECM will need to be programmed for specific customer specified PTO speeds and control options. 

8) Air Systems & Brakes: One of the PTO boxes will be air shifted, as will the clutch chamber. Additionally, one of the control circuits will be wired through an air switch to prevent PTO operation unless the truck’s parking brakes are applied. 

9) Transmissions: Two PTO boxes will need to be installed and properly shimmed to the main transmission. No oil leaks of any kind will be tolerated!

10) Welding & Fabrication: Brackets will need to be made to mount the reservoir and control valve. 

11) Frames: You will need to know where you can and cannot drill holes (if necessary) into the truck frame to mount the components. 

12) Fasteners: Selecting the proper fastening hardware to mount the various components will be critical. 

Detailed Project Information: 

Two open-center gear type hydraulic pumps will be installed onto the main transmission (RTLO-18718B) of the T2000 Kenworth. A smaller capacity pump will be installed on the 6-bolt PTO, and a larger capacity pump will be installed on the 8-bolt PTO. Both of these pumps will draw from the same reservoir, mounted on the LH frame rail occupying the space where the LH fuel tank used to reside.
Both 6 and 8-bolt PTO boxes are to be installed onto the truck transmission. These MUST be properly shimmed and checked with a dial indicator. The 6-bolt box has a model number of 442XQAHX-W3XK. The 8-bolt box is a model 489XQAHX-A3XK. You will need these numbers when you go to the Chelsea PTO website to confirm that these are the proper boxes for this application. You will also use these numbers to compute output shaft speed. Do NOT assume that the final output ratios are the same for both boxes. 

The reservoir measures 28” x 20” x 13”. Appropriately sized fittings will be welded onto the bottom and/or side of this steel tank to serve as the pump inlets. Additional fittings will be welded on for the needed return ports, along with a reservoir temp gauge. The location of the various ports will be critical for the proper operation of the unit. Please compute the amount of hydraulic oil needed to fill this reservoir to 80% capacity (figure reservoir volume only; I will add for hoses, valve, cylinder, etc.).
The control valve is made by Prince Mfg. Co., and is 2-spool, open-center, rated to 25 GPM, with an adjustable relief valve good for a maximum of 3000 PSI. One of the spools incorporates a float feature. The model number of the valve is RD526GCGA5B2B5. Detailed specs for this valve are located in 2 separate pdf files titled “Hydraulic Control Valve (Prince)…” Look under “Course Documents” in Canvas to find this. 

A double acting cylinder will be mounted to the front bumper frame and used to lift the truck off the ground. This cylinder has a bore of 3”, and a stroke of 8”. The rod diameter is 1 3/8”. Please use this information to calculate the speed of this cylinder in both the extend and retract functions, as well as the force developed both ways. Use 1000 engine RPM when calculating the speed of the cylinder, and let’s figure on a 2500 PSI relief setting when determining cylinder force. 
The smaller of the two hydraulic pumps will be used to actuate this cylinder, via the above mentioned control valve. This pump is rated at 3.8 GPM @ 1000 RPM pump shaft speed. Please calculate the output of this pump @ 1000 RPM engine speed. Don’t forget to factor in the PTO box ratio, using the info found at the Chelsea PTO website: https://www.chelseaptoapps.com/Home/Configuration
Once you have determined the pump output at 1000 engine RPM, please calculate for me how fast the cylinder will extend and retract (in seconds) so I can be sure that it won’t be too fast or too slow. Useful formulas for doing this can be found at the following link: http://www.phtruck.com/download/chelsea/catalogs/TruckPumpCatalogandPrints.pdf
The larger hydraulic pump is rated at 17 GPM @ 1000 RPM pump shaft speed. For now, the output of this pump will simply return to the reservoir. We will use this pump for pressure and flow testing. Please calculate for me what the output of this pump will be at 1000 RPM engine speed. Use the same info and links as above. 
Once you have determined pump flows, hose size for both inlet and return lines can be determined from this helpful chart (page 3 of the pdf): http://www.parker.com/literature/Hose%20Products%20Division/Catalog%204400%20PDF%20Files/Section_E_Technical.pdf
Fitting type and size reference charts are found here: https://www.discounthydraulichose.com/v/vspfiles/downloadables/thread_guide.pdf
I would like to use JIC fittings on the large pump, and ORS (a.k.a. ORFS) fittings in the smaller pump circuit. 

Once you have identified the necessary sizes and types of fittings needed, go here to find the fittings we will need: https://www.parker.com/literature/Hose%20Products%20Division/Catalog%204400%20PDF%20Files/2014%20Catalog%204400%20Linked.pdf
The truck will have external PTO controls, mounted in the same general area as the control valve and reservoir. The control panel will have the following mounted to it: 

1) Remote engine key switch: I would like a wire going directly to the engine starter solenoid “S” terminal in parallel with the existing truck start circuit, using an appropriate sized relay. This relay MUST be interrupted by the transmission neutral safety switch when the transmission is in gear. The clutch pedal safety switch will default to being the sole safety device for the in-cab start switch. In addition, we will need a wire to energize the ECM “wake-up” circuit from this remote control key switch. Consult with the Cat and Kenworth wiring diagrams to determine how best to do this. 
2) Tachometer: The panel will have a remote mounted engine tachometer wired to receive its signal directly from the engine ECM. This will be used so that the operator can see engine RPM without having to go into the cab. Consult with the Cat wire diagram, as well as ET and SIS, for proper installation and programming information. Keep in mind that the tachometer will also have to be programmed to match the ECM output. The tachometer is an Isspro model R8529M. Visit the Isspro website for more info on this: http://www.isspro.com/install.php   
3) PTO on-off switch: This simple two-position switch will be used to command the engine ECM to go into PTO mode. This switch MUST be wired in series with an air operated switch to prevent PTO operation unless the truck parking brakes are set. You will need to determine what kind of switch will be needed (NO or NC) and where to mount it. 
4) Increase-Decrease switch: This 3-position, momentary switch will be used to remotely increase or decrease engine speed. 
5) PTO on light (engine): This green indicator light will alert the operator that the engine is in PTO mode. 

6) PTO on light (PTO): This green indicator light will alert the operator that the PTO box has shifted into the engaged position. There will be one light each for both the 6 & 8-bolt PTO boxes. 

7) Air shift knob: This control will air-engage the 6-bolt PTO box

8) Cable shift knob: This control will manually engage the 8-bolt PTO box

The engine ECM will need to be programmed using Cat ET for proper PTO function. Use the simulator feature on the Cat computer in the computer lab to practice first. Use the “Programming Cat Electronic Truck Engines” booklet (available within the ET program on the “Configuration” page) to guide you through the process.
I would like the engine to be limited to a maximum speed while in PTO mode that will limit the larger pump to 25 GPM maximum. I would like the increase-decrease switch to change the engine speed by 50 RPM per “bump”, and command a 20 RPM/second change when this switch is held. I do not need a PTO torque limit or continuous cooling fan operation. I also do not need a PTO kick-out vehicle speed limit given the fact that the parking brakes must be set for the PTO to even engage. Finally, I do not want any kind of a timer shutting the engine down during PTO operation. 
Additionally, a wealth of information regarding PTO installation from a wiring and programming standpoint can be found in a pdf titled “Cat PTO Programming Instructions”. Look under “Course Documents”. This is a must read!
I would like to install a hydraulic oil filter assembly into the return side of the smaller hydraulic pump circuit. The filter assembly can either be remotely mounted, or else attached to the reservoir.
Finally, I would like to install a size 20 or 24 air chamber under the truck to remotely actuate the clutch linkage. This is necessary because the tranny must be stopped before the PTO(s) are actuated. This could be tough, and will require someone with some imagination and persistence.
I want to see the following before any major work is done: 

1) A drawing of the complete wiring diagram for the control panel, including the tachometer.
2) Calculations for the two pump flows at 1000 engine RPM, cylinder stroke speed (in seconds) at 1000 engine RPM, cylinder extend and retract force @ 2500 PSI relief setting, and reservoir volume. Also, a calculation for maximum engine speed to produce 25 GPM from the larger pump.
3) A document showing the necessary hose and fitting sizes (both inlet and return) for both pumps.
4) A drawing showing the location of the control panel, control valve, and reservoir, relative to each other and the truck frame. 

5) A printed “screen shot” from Cat ET showing me how you programmed the engine ECM, using the simulator. 

Have fun with this project. This is as real-world as it gets around here! 

More info about truck wet kits can be found here: http://www.wetlinekits.com/
