MPRS Notes (A quick reference before you fly)

Last update:  10 Aug 04

Sources: 

T.O. 1C-135(K)-1(Ch3, 1S-11): 61-91, 859, 861, 877, 880-81

T.O. 1C-135(K)R(I)-1 (Ch7, 1S-24):  2-2, 5, 13, 40A, 53, 189; 3-43-76; 5-14, 15, 20, 21, 29

T.O. 1C-135(K)R-1-1 (Ch23): Part 13

T.O. 1-1C-1-3 (Ch11, 3S-131): 1-5,6,8,9; 4-4B-6,8, 9-13,22-29; APNDX 1

AFI11-2KC-135V3 (1 Dec 99):  1.1, Tables 4.24-4.31 (MEL), 6.12.2.15, 6.12.3.2.10, 6.15.5, 6.60, 13.1

Local (GFAFB) FCB: flying MPRS jet w/o pods

Definitions:

Fueldraulics:  the use of fuel as hydraulic fluid in hydraulic functions

Digital Refueling Control Unit (DRCU): pod brains 

Fuel Control Valve:  similar to hydraulic crossover valve; DRCU commands the FCV to rotate and thus reroute the fuel so that different ‘systems’ are connected by fuel flow

Tensator Units:  10 metal springs housed in 5 cassettes; maintain hose tension during receiver push-in 

Supplemental Hose Response (SHR):  a preemptive hose rewind and interruption of fuel transfer when a receiver pushes the hose in too fast (testators unable to keep up); initiated by DRCU detecting the potential for a slack hose condition

Vane Pump:  fueldraulic pump between the FCV and the hose drum; rotates hose drum (trail/rewind) via connected chain

-400 gpm nominal flow rate

-external hard points with internal fittings

-lighting added:  outbd nacelle, pod illum, horiz stab

-no manual refuel valve

-capable with 10’/sec closure, 5’/sec fall back rate

-3 pod areas contain:  Power Unit, Fuel Control System, Hose Drum, Trailing Components

-Mark A4 pods:  14’X34’ Diam, 1442#, 62’ from ctrline, gnd clrnce 102” – 56” in 3.5º bank 3pt att.
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Pod Internal Fuel System Functions


-‘Braking’ during extension (controlling rate of trail via fuel control valve modulation)


-Rewind


-Supplemental Hose Response (SHR) (maintain hose tension inside refueling limits)

Pod System Control


-Pod Control Panel (PCP):  located in the boom pod below/left of boom instruments



--2 Processors (1 ea. Pod) 



--Self tests on startup and BITE


-Digital Refueling Control Unit (DRCU) (Pod brains)



--Controls, monitors mechanical, electrical and fueldraulic (using fuel for hydraulic operations) functions



--Microprocessor connected to its respective processor in the PCP




---3 ARINC 429 series data buses



--Receives PCP inputs and transmits status



--Drives 2 motors




---RAT pitch motor and controls fuel pump PSI during transfer and trail/rewind




---Fuel Control Valve (FCV):  similar to hydraulic crossover valve, determines fuel circuit, thus the pod operating mode.


--Example:  During Trail/Rewind, RAT pitch motor forces blades to course,  thus fuel pump provides fuel PSI flowing thru FCV (positioned by the DRCU) to the vane pump (fueldraulics) which rotates a chain attached to the hose drum, while DRCU is also operating fuel transfer valve, vent valve, engaging/releasing of hose drum brake and directing pod’s receiver lights.

HOSE DRUM AND CONTROL SYSTEM

5 Main Assemblies

1. Hose-Drum Assembly:  means of stowing, deploying and rewinding the hose

2. Tensator and Full Trail Brake assembly:  metal springs maintaining hose tension, brake at full extension

3. Park Break Mechanism:  brakes hose when fully stowed

4. Serving carriage assembly:  allows smooth deployment/rewind of hose

5. Vane Pump, Gear Box, and Drive Unit Assembly:  as in ‘Example’ above, DRCU commands FCV to rotate to open a fuel circuit between Fuel Pump and Vane pump; vane pump connected to gear box/drive unit to rotate drum 

TRAILING COMPONENTS

A. Buffer Spring- spring just forward of the drogue reception coupling provides initial thrust to eject drogue into air stream 
B. Reception Coupling (MA4) – Attachment for the drogue

-Spring loaded valve; accepts probe nozzle

-Holds nozzle in position without leakage (rollers engage groove on nozzle)

-Limits PSI of fuel transfer (via redundant PSI regulators)

-Allows probe nozzle withdrawal aft of full trail

C. Drogue

-Provides receiver an aim point; stabilizes and drags the hose out of the pod

-Collapses for stowage

-Dual air-driven generators (inside MA4 fairing) power lights on 4 ribs

-Reflective tape both sides of ribs and outer ring between rib attachment points

D. Hose/Markings

-78’ Long, 2.0” bore

-Full trail = 74’

-2’ Wide orange bands indicate inner and outer fuel transfer limits



--Secondary indication to pod receiver signal lights on aft pod



--Inner=20’ point (orange band and flashing amber light)

-AR Envelope allows hose droop 9-14.5’ below centerline

E. Operations of Trailing Components

-Deploy



--PCP switch to trail



--Park break releases, buffer spring ejects drogue into airstream, canopy opens and drags hose to full trail


-Rewind



--Serving carriage guides hose then reception coupling, buffer spring compresses, drogue collapses/stowed, 



   parking break engages

COCKPIT CONTROLS/INDICATORS

Isolation Valve Switches w/indicators (copilot’s left knee)


-Motor-operated valve in wing root


-Indicator:  position of the valve (fully open or closed)


-Switch Close position will always close Isolation Valve


-DRCU auto-commands closed and then open during 


retraction sequense


-Switch Open position depends on PCP Power Switch



--PCP off:  Isolation Valve opens



--PCP on:  Isolation Valve position controlled by PCP

Pilot Instrument Panel Indicators

-Not Stowed



--Hose not fully stowed or BIT running

-Pod Engaged



--Not a contact light



--Receiver has made contact at 74’ (full trail) and pushed in 5’ to 69’ (AR envelope 54-69’)



--Light out if extends aft of 69’ (not necessarily a disconnect)



--BIT running

OPERATIONAL MODES (8)

1.  CRUISE (hose stowed)


-RAT 600 RPM


2.  ACTIVE TRAIL (hose extending (drag from drogue) and slowed by fueldraulics)


-PCP ‘TRAIL’ switch by boom; NOT STW light on


-To control trail speed:



--DRCU commands RAT approx. 4500 RMP  . . . fueldraulics rotates drum



--DRCU modulates FCV to balance drogue drag vs. fueldraulic circuit resistance



--Speed reduced linearly from max initially to 2’/sec at full trail



--Tensators kick in 44.5 – 47’ extension



--Tensator drive mechanism applies full trail brake approaching full trail (74’)



--RAT back to 600 RPM

3.  STANDBY


->68’ (i.e. within 5 feet of full trail) and ‘Rewind’ not selected

4.  SUPPLEMENTAL HOSE RESPONSE (prevent slack hose with excessive receiver closure)


-See definitions above


-FCV must rotate to connect Fuel Pump to Vane Pump:  This takes 3 seconds


-DRCU must therefore look 3 seconds ahead and predict receiver’s position



--If this predicted position is inside 49’ extension SHR is initiated


-SHR effectively narrows the AR envelope based on receiver closure rate



--Receiver at 51’ only needs 2’/sec closure to trigger SHR



--Receiver at 69’ needs 8’/sec closure to trigger SHR


-DRCU automatically re-initiates fuel transfer once receiver stabilizes in envelope

5.  FUEL TRANSFER (54-69’)


-After full trail and rewind not selected, 6900 RPM

6.  STANDOFF (receiver inside of AR envelope but no excess closure)


-Inside 51’ after full trail and rewind not selected – fuel transfer stopped


-Terminates with receiver back in AR envelope (>54’) (DRCU automatically re-initiates fuel transfer)

7.  HOSE REWIND


-Fuel control valve rotates and isolation valve closes automatically


-RAT 6900 RPM


-Vane Pump output, assisted by Tensator energy, rotates hose drum to rewind


-Speed controlled by DRCU modulating FCV



--6-7’/sec for 4 revolutions, then slowed linearly to 2’/sec


-Park break armed at 12’


-Rat spins down to 5000 RPM at 1.5’


-Buffer spring compressed until spring force equals RAT power



--Drum stops and allows parking break to engage



--DRCU commands RAT idle, FCV cruise, Isol. Valve opens


-Cockpit indications/sequence:  Isol. Valve ‘Closed’, ‘NOT STW’ light out, Isol. Valve ‘Open’

8.  PASSIVE TRAIL (hose fully trailed, fault detected thus RAT de-energized/feathered)

MODE SEQUENCES

	
	Trail

selected
	Rcvr contact/closes

to envelope then 

inside 51’, back to

envelope, then backs 

out to disconnect
	Contact, AR,

Then excess

closure
	Rewind 

selected

from full

trail
	System Fault

detected; the 

following modes

revert to Passive 

Trail

	Cruise
	1
	
	
	3
	

	Active Trail
	2
	
	
	
	X

	Standby
	3 (>70’)
	1     5
	1
	1
	X

	SHR
	
	
	3        as req’d
	
	

	Fuel Transfer
	
	2     4
	2
	
	X

	Standoff
	
	3 (once inside 51’)
	
	
	

	Hose Rewind
	
	
	
	2
	X

	Passive Trail
	
	
	
	
	


IP Instructional Points
Briefing rqmts (see vol 3 refs) T/O data (w/AR Pods); PFPS degrades

Note p.2-2 (AC discretion for pod preflight); 6 items in walk around (no RAT guard, feathered, panels/leaks, no cover and stowed)

1 item (CP, BO) in preflight (check valve control logic); show CB’s; 1 item in start eng. b4 taxi (ensure valve closed)

MPRS Fuel loads (compensate for aft CG) and required Fuel Burn Sequence

System indications/operations during operational modes

1 item eng. shut down (open valves for mx to get fuel to wings)

Post-flight walk around (if no mx troops): 5 of the 6 items from in preflight; Techniq: check no dings underside wing behind pod 

Review local (GFAFB) FCB: flying MPRS jet w/o pods, etc., Sect 5 (airspeed limits)
   In-flight Instructional points:  T/O early as req. if boom enroute training for hose deploy/slowing/prep-contact checks; preflight indications, pod mode descriptions and demonstration of indications during in-flight operation; CRM requirements during A/R and pod operations; make definite checks before hose extension/retraction; watch pumps during contact; watch for 300C during breakaways/overruns and discuss D-3 verbiage for breakaway throttle reduction (in attempt to slow to A/R speed)
Gotchas: REVIEW IT BEFORE YOU FLY IT  

· Mplan:  Brief Rqmts per vol 3; T/O data w/AR pods (File/MDS Config/RmodelW/Pods); check fplan for appropriate degrade on all points. (Premission Config applies to all pts– can verify on some printouts ‘degrade’:5% for pods + 3% for drogue); 15% AR points –can only verify by opening PFPS software.

· Arrive at aircraft:  Verify MPRS OT&E data sheets in forms or at mx debrief (must be completed); Verify chart C (if incorrect ask mx QA, lastly use -5-2 “total AR pod wet weight”: stn 1115, wt 2854, mom 3182.2

· Preflight: 5% degrade FPLAN page (add 3% if drogue (BDA)); (Some software offers AR POD selection, Block 40 also offers Droge selection under wt/balance--be aware of software…THEN run/post data.

· 4 CHECKS B4 CLEARED TO EXTEND: Envelope (5k’-FL350; 220KCAS-300KCAS/.86M) OAT, (use SAT on PSN page or Alt. Alrtr, per Rockwell) (not less than -54; if -50 to -54, extend 15 min max before A/R [set timer]) No Icing, No Mod Turbulence
· A/R: 1 Pump per pod.  AR/Eng and Line valve closed.  Do not change pump config. in contact.  Coordinate all maneuvers with boom (D-3, p. 4-5) If encounter icing, retract for 5 min.

· Negative Transfer:  Watch tendency to turn off AR pumps when AR complete.  (You need fueldraulics to rewind hoses.) Wait for BO to direct per checklist.

· Technique:  Boom/BDA A/R only if hoses retracted (Note p.3-50)- of course retract if AR speed will be >300C; otherwise, caution with boom (non-MPRS) receivers so they know hoses are extended; suggest prior coord. 

· Overrun and breakaways:  watch 300C!

· 1 CHECK B4 CLEARED TO RETRACT: gwt<250?  Speed 220-280KIAS; gwt>250?  Speed 280-300KIAS

· KNOW THE SYSTEM: THIS WILL PREVENT YOU FROM MAKING MISTAKES
Trouble-shooting:  


- Dummy checks (fuel panel: 1 pump/pod, line valve and AR/eng valve closed; isol. Valves open


- No Flow?  Verify pod valve pushbutton switch is illuminated (blue), especially after a breakaway (pod goes to passive trail and will not offload); verify boom has offload dialed in


-Transition from boom to pod and pod to boom is largely technique –pre-brief it.

COMMON MISTAKES/LESSONS taken from OIF, OEF (note: mistakes below are often checklist/procedural violations):
Not having 1 Pump per Pod – results in Low Pressure condition on PCP and may lead to pod failure if not corrected;

AR Eng manifold left open:  Fuel is burned by the engines and therefore does not get to the SPR manifold and thus to the pods;  combined with only 1 pump with 2 rcvrs (double whammy) resulted in dual pod failure due to low pressure condition.

Line Valve left open:  Fuel pressurizes aft of line valve and relief valve (can hear noise in pod) allows fuel into aft body, so may see transfer of fuel from fwd to aft body; commonly occurred during ‘in the green’ check (BITE) on climbout if valve missed @10K.

Changing pump configuration in contact; “We’ve found that if you leave one pump on and just change the other pump there will be no hose whipping”.  (Misunderstanding of the Warning) ; states that IF in supplemental hose response mode when pumps change, THEN hose whipping may occur.  You have no way of predicting SHR.  Know/heed cautions and warnings.

Dry Contacts: it is normal to see slight offload even with zero dialed in

Landing with hose in trail: Boeing will usually recommend this over jettison due to unknown reliability of rotary solenoid mechanism (Not Boeing-made).  Basket touched approx 1000’ prior to mains, so only shift aimpoint 1-2000’ all else equal.

Probe/basket separation:  occurs commonly with receiver on outside of turn; D-3 directs coordination of all maneuvers with boom; be sure to make turns slowly and smoothly.  Avoid any turbulence when able.

Hose deployed on takeoff roll (not fully stowed), also on departure (unknown cause):  ensure hose is fully stowed; don’t let anyone tell you otherwise is ok. If deploys, no indication in front (i.e. not stowed light) until power applied to PCP in back.

Do Not lower flaps: Per manufacturer/Boeing/AMC. You only have 7kts to work with anyway, right? (220CAS min, 230KIAS max)

POC:  Capt Brian Mackey, 319 OGV.  This is a working document – all suggestions are welcome.


