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Testing was performed on a Model 346 Type 3 4x4 engine in support of the National Fire Vehicle Standardization Program.  The engine was manufactured by KME, under contract with Region 5.  Testing was conducted at the San Dimas Technology and Development Center between June 29 and July 27, 2010.  The test results are enclosed.
If you have any questions, please contact Dave Haston at (909) 599-1267 x294 or by email at dhaston@fs.fed.us.
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	JOHN D. FEHR

	Manager


Enclosure

cc:  Tory Henderson

Ralph H Gonzales
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Carl E Schaefer   
                                                                                                                      September 29, 2010
Type 3 Model 346 Test Summary

Test Information:

Test Location: 

San Dimas Technology and Development Center (SDTDC)
Date of Test: 


June 29, 30, July 6, 7, 8, 26, 27, 2010
Test Performed By:




Dave Haston, Mechanical Engineer

Dan W. McKenzie, Mechanical Engineer





Carl Schaefer, Mechanical Engineering Technician





Caitlin Kaller, Forestry Technician 





Ken Bailey, Engineering Aid
Apparatus Information:

NWCG engine type:

Type 3 wildland fire engine (Model 346)

Engine / Fleet No.

E324 / 6288

Make and Model:

International 7400 (manufactured November 2009)   

VIN:



1HTWEAZR7AJ265807

Drive:



4 X 4

Transmission:


Automatic, 5 speed (Allison 3000 EVS)

Tank:



600 gallons

Pump:



Hale CBP4 (Serial No. A2852)

Weight Test:

	
	GAWR

(lbs)
	GVWR

(lbs)
	Actual

(lbs)
	Percent 

Download

	Percent

  Load

	  Curb

Weight

	Curb Weight
  Plus Water

	Front Axle
	14,000
	~
	11,370
	18.8%
	35.6%
	10,220
	10,630

	Rear Axle
	23,000
	~
	20,570
	10.6%
	64.4%
	12,920
	17,420

	Total
	~
	37,000
	31,940
	13.7%
	~
	23,140
	28,050


The estimated in-service weight includes 270 lbs per seating position (which includes personal equipment allowance) and 2300 lbs of sand bag weight placed on the engine to simulate equipment weight. 

Test result:  The engine as tested at SDTDC meets the Forest Service Wildland Engine Guide download recommendation of 10% minimum with respect to the total weight and both axles individually.  However, the weight on the rear axle exceeds the DOT single axle limit of 20,000 lbs. (20,570 lbs).  Note:  many states have exemptions for emergency vehicles.  For instance the California vehicle code allows the single axle limit to be exceeded by 2,500 lbs (22,500 lbs total) on emergency vehicles without special testing.

Stability Tests:

NFPA 1906, 2006 edition, has two methods for evaluating vehicle stability: the tilt table test and the calculating or measuring the center of gravity.  The use of the tilt table test is the most direct and preferred method of verifying that the apparatus meets stability requirements.

Tilt Table Method:

The engine was tested at the estimated in-service weight with the following results:

	
	Tilt Angle
  (degrees)

	Side up
	At Estimated in Service Weight 

	Right
	29.0

	Left
	29.7


NFPA 1906, Standard for Wildland Fire Apparatus, 2006 edition, requires that an apparatus with a GVWR of more than 33,000 lbs be tilted 27 degrees before a front or rear tire set is lifted from the tilt table.

Test result:  The apparatus meets the stability requirements defined in NFPA 1906 when tested by the tilt table method.

Angles of Approach, Departure and Ramp Breakover:
	Description
	Measured Angle
	NFPA 1906 Requirement

	Angle of Approach
	40.0°
	20° minimum

	Angle of Departure
	23.9°
	20° minimum

	Ramp Breakover Angle
	22.1°

The ramp breakover angle has been maintained
	NFPA 1906 recommends that the ramp breakover angle be maintained with the installation of the fire and pump package.


Test Result:  The apparatus meets NFPA 1906, 2006 edition, requirements.

Priming:

The engine was able to prime and pump from a 10 foot lift in 10 to 12 seconds and prime and pump from a 17 foot lift in 12 to 13 seconds.  With the No. 17 valve (pump recirculation line) closed the primer developed 22-inch Hg of vacuum and leaked less than 10-inch Hg in 5 minutes.  With the No. 17 valve open the vacuum leak rate exceeded 10-inch Hg in 5 minutes.  
NFPA 1906, 2006 edition, requires the apparatus develop at least 17-inch Hg of vacuum and with a dry pump and prime and pump from a 10 foot lift in 30 seconds or less.  NFPA 1906 also requires the apparatus sustain a vacuum for 5 minutes with a loss of 10-inch Hg maximum.  The Forest Service Engine Guide recommends that the engine to be able to prime and pump from a 17 foot lift.

Test Result:  The apparatus meets Forest Service and NFPA 1906 requirements for priming.  The apparatus did not meet NFPA 1906 vacuum loss requirements with the No. 17 valve open.
Pump Flow and Pressure:

The following table provides the pump performance results when tested using the tank and drafting (5, 10 and 17 foot lifts) with a suction strainer and 3-inch inside diameter suction hose.  Flows are actual water flows out of one of the rear No. 3 discharge valves and with the recirculation valve (No. 17 valve) closed.  

	Pump Flow and Discharge Pressure


	Suction Length (ft)
	24
	10
	From

Tank

	Lift (ft)
	17
	10
	5
	5
	~

	Pressure (psi)
	Flow (gpm)

	30
	198
	~
	~
	~
	~

	50
	220
	~
	~
	~
	~

	80
	~
	286
	~
	~
	~

	100
	206
	275
	317
	344
	363


	150
	193
	260
	301
	323
	349

	200
	178
	246
	288
	307
	346

	250
	153
	233
	274
	293
	332

	300
	150
	227
	250
	280
	325

	350
	149
	207
	248
	270
	308

	400
	140
	205
	235
	241
	283


The apparatus meets the Forest Service specification requirements of 200 gpm at 300 psi from the tank (325 gpm actual) and from a 5 foot lift with 24 feet of suction hose (250 gpm actual).  Although not required by the specification, the apparatus also meets the pump performance requirements at a 10 foot lift with 24 feet of suction hose (227 gpm actual).

With the No.17 valve open the recirculation flows were as follows:

	Pressure (psi)
	50
	100
	150
	200
	250
	300
	350
	400

	Flow (gpm)
	1.5
	2.5
	3.0
	3.5
	4.0
	4.2
	4.5
	5.0


The recirculation flow rate was 3 gpm at 150 psi.  The specification currently requires 1.5 to 2.5 gpm at 150 psi.  Limited flow and temperature tests indicated a recirculation flow rate of 3 to 5 gpm at 400 psi is needed to prevent the pump water from being overheated, which corresponds to 2 to 3 gpm at 150 psi.
Plumbing:
The plumbing layout is as-described in the Water Handling Equipment Guide plumbing diagram.

The apparatus is equipped with an adjustable relief valve which is not necessary for this pump and pump drive system.  The Forest Service has operated this pump and pump drive system in several regions for years without a relief valve – without any known problems (the Model 62 engine with the Darley JMP 500 pump is equipped with a relief valve).  The cost of a relief valve is $2,000 to $3,000.

The apparatus is equipped with an electric (remote) pump to tank valve (No. 2 valve) to modulate water flow into the tank.  The electric valve was implemented in the Model 62 due to space restrictions caused by larger (4-inch) plumbing.  Cost could be reduced by the use of a mechanical valve and linkage (cost of the electric valve is approximately $1500).  However, the current manufacturers for this engine would need to redesign their plumbing.  The tradeoffs would need to be further discussed with the manufacturers and input from the field should be solicited before considering a specification change for the No. 2 valve.

Pump:

The pump unit is a Hale CBP4 (3.94 gear increaser) equipped with a pump gear case cooler.  The Hale CBP4 has a NFPA 1901 rating of 250 gpm at 150 psi.  After a 400 psi test run, the outside temperature of the pump gear box was measured at 130º F.

A pump gear case cooler requirement was not included in the specification and was installed after the engine was built (the gear case cooler requirement was subsequently added to the specification).  Initial testing on a model 326 (4x2) built by KME revealed that the gear case cooling water from the pump was returned to the pump inlet instead of the pump volute which caused pump cavitations at high pressures and flows.  The pump gear case lines were rerouted by KME (volute-to-volute as factory-configured by Hale) on this engine prior to testing.

The gear case cooler water supply lines used by KME are rated at 212° F, but temperatures of 440° F are possible with all discharges closed, the No.17 valve closed, and a pump pressure at 400 psi
.

Pressure Gauge:

The discharge pressure gauge is a 0 to 600 psi Grade A (ASME B40.100-Industrial/Hydraulic) gauge.  The required accuracy of a Grade A gauge is ± 2 percent for the lower and higher 25 percent of span and ± 1 percent for the middle one half of the span.   NFPA 1906 requires a Grade B or better gauge.  The required accuracy of a Grade B gauge is ± 3 percent for the lower and higher 25 percent of span and ± 2 percent for the middle one half of the span.  The discharge pressure gauge was compared to a calibrated gauge with the following results:

	Pressure Gauge Calibration (psi)

	Actual
	100
	150
	200
	250
	300
	350
	400

	Engine Gauge Reading
	98
	145
	193
	240
	293
	340
	390

	Difference
	−2
	−5
	−7
	−10
	−7
	–10
	−10

	Allowed Grade A
	±12
	±12
	±6
	±6
	±6
	±6
	±6

	In Calibration (Grade A)
	Yes
	Yes
	No
	No
	No
	No
	No 

	Allowed Grade B
	±18
	±18
	±12
	±12
	±12
	±12
	±12

	In Calibration (Grade B)
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes


The gauge meets the Grade B accuracy requirements of NFPA 1906.

Tank Volume:
625 gallons measured.

Storage:

The volume of enclosed equipment storage was 132 ft3 and 48 ft3 of covered hose bed storage, providing a total of 180 ft3 of enclosed storage space.  The covered hose bed meets the requirements of NFPA 1906, 2006 edition, which states: 

8.9.7* Any hose storage area shall be equipped with a positive means to 

prevent unintentional deployment of the hose from the top, sides, front, and 

rear of the hose storage area while the apparatus is underway in normal 

operations.

Foam Proportioner:

The apparatus is equipped with a FoamPro 2001® (direct injection on the discharge side of the pump, automatic regulating) foam concentrate proportioner.  The proportioner was tested using a Digifoam™ portable foam meter.

At pressures of 115 to 125 psi, the proportioner started to proportion foam at about 3 gpm water flow.  At 300 psi the proportioner started to proportion foam at about 1 gpm water flow.  At lower pressures (115 to 125 psi) the foam proportioner ran a little lean up to about 7 gpm and then performed within the Forest Service requirement of ± 30 percent of foam setting up to 200 gpm.   At 300 psi the proportioner ran rich from 1 gpm to about 5 gpm water flow and then operated within the Forest service requirement of ± 30 percent up to 300 gpm.

The water flow rate readout on the foam proportioner control panel was in calibration.

Evaluation and Observations:
1.  When loaded to the estimated in-service weight, the rear axle weight exceeded the DOT single axle limit of 20,000 lbs (20,570 lbs).

2. A pump gear case cooler requirement was not initially included in the specification.  The pump gear case cooler is a Hale factory option and when factory-installed the gear case cooler lines are connected volute-to-volute.  When KME installed the pump gear case cooler it was returned to the pump intake which caused cavitations at high pressures and flows during testing on a 4x2 engine (built by KME and tested prior to the engine evaluated in this report).

3.  With the parking brake set, transmission in neutral and the pump PTO engaged, throttle authority in the cab was not present.  Throttle authority in the cab is desirable under all conditions (all Model 62’s and BME Model 326 engines have throttle authority in the cab under all conditions).  KME reprogrammed the engine to have throttle authority in the cab at all times.  The specification did not include a requirement for throttle authority in the cab with the parking brake set, the transmission in neutral and the PTO engaged.

4.  It was further discovered that the PTO could only be engaged with the transmission in neutral (the PTO can be engaged with the transmission selector in any position on all Model 62’s and BME Model 326’s).  At the time of testing KME was planning reprogram all engines built under this contract to allow the PTO to be engaged with the transmission selector in any position.  The specification did not include a requirement that the PTO be capable of engagement with the transmission selector in any position.

5.  The engine was delivered with 1310 series u-joints (130 ft lb torque rating) on the pump driveline. 1410 series u-joints (250 ft lb torque rating) are required in the specification.  KME changed the u-joints to 1410 series as required in the specification.
6.  The apparatus was delivered with a chassis engine cooling system that utilizes water from the fire pump to increase the cooling capacity of the chassis engine.  This was accomplished by adding a heat exchanger (in the chassis engine coolant discharge to the radiator) and lines connecting the heat exchanger to the fire pump.  This system was not required in the specification and is not used on other Forest Service engines.  KME was asked to remove the entire system, including the heat exchanger and lines running to the pump, and return the cooling system to the OEM configuration.  Unfortunately the system was only disabled and not removed.  The system was disabled by disconnecting the lines running to the pump and connecting them together.  This aftermarket equipment (lines, tube and heat exchanger) needs to be removed and replaced with the OEM components to maintain original reliability of the engine cooling system.

7.  An 82 lb force was required to open the top hose storage compartments doors.  KME replaced the shocks with higher pressure shocks which reduced the pull force to 62 lbs.  The specification did not include a load requirement for lifting the hose storage compartment doors.

8.  When valve No. 17 was open the engine would not hold vacuum.  This was reported to KME during testing but not repaired.
9.  The rear bumper height exceeded 30-in. and did not have an impact guard as required by 49 CFR 393.86 (b).  The bumper height was 34-in.  An impact guard was added by KME.
10.  Screens were not installed on the No. 8 (overboard suction) and No. 13 (gravity drain) valves.  Both the Forest Service Specification and NFPA Standard 1906 require a screen in the inlet valves to the pump and tank.

11.  The hose thread on the hose reel was NH.  A NPSH hose thread adapter was added to the hose outlet.  The specification did not include a requirement for NPSH threads on the hose reel.

12.  The line to the No. 3 left side discharge valve was installed with a low area which cannot be drained, potentially causing damage from freezing.  This was reported to KME, but no action was taken.

13.  Some drain lines running into the drain valves at mid and rear of the truck have low areas which cannot be drained, potentially causing damage from freezing.  Some were corrected by KME, but not all.

14.  The forward discharge isolation valve handle was not NFPA 1906 compliant because the handle was not parallel to the run of the pipe when open and perpendicular when closed (9.6.10).  This issue was corrected.
15.  The access door to the back of gauges and switches would only open 66º.  KME relocated the panel light which allowed the access door to be opened a little over 90º.  The specification did not include a minimum opening angle requirement for the gauge access door.

16.  The front bumper discharge is a blind valve and therefore must be marked “Open” and “Closed“  as required by NFPA 1906 (9.6.11).  This issue was corrected.

17.  Pump intake and discharged pressure gauges were not labeled as required by NFPA 1906 (9.8.4).  This issue was corrected.

18.  Marking for valve numbers 4, 6, 7, 17, 18, and 19 were not labeled per the NWCG Water Handling Equipment Guide.  The specification did not require labeling per the guide.

19.  A foam proportioner pump valve was not marked as to operating position.  This was reported to KME; however, no action was taken.

20.  At an estimated in-service weight of 31,940 lbs and using a down load of 10 percent, the current chassis gross vehicle weight rating (37,000 lbs) and gross axle weight ratings (14,000 lbs front and 23,000 lbs rear) should be maintained.

Recommended Specification Changes:

The following changes should be incorporated into the Forest Service national standard engine specifications:

1.  Require 60 lbs maximum to lift the top hose bed covers. (specification change complete)
2.  Require that the apparatus have full time throttle authority in the cab.

3.  Require that the PTO be capable of engagement with the transmission selector is in any position.

4.  Require all valves be labeled with valve number and function per the NWCG Water Handling Equipment Guide.

5.  Require the intake and discharge pressure gauge access door open 90º minimum.

6.  Allow no low areas in plumbing that cannot be drained.

7. Limit the rear axle weight to 20,000 lbs when fully loaded with water, foam and fuel; with 270 lbs per seat position; and with 2300 lbs of gear evenly distributed in the storage compartments. (specification change complete)
8.  Reduce the requirement for 1410 series universal joints to 1350 series in the pump driveline.   The CBP pump requires 220 ft lbs of torque to drive the pump at 400 psi and 200 gpm and 1350 series u-joints will meet this requirement.  Require a 2- joint universal driveline design where possible; otherwise require a 4-joint universal driveline system consisting of an intermediate shaft and two separate 2- joint drivelines de-phased.  This change will reduce cost, weight, noise, and vibration and result in a cooler running pump gear box.

9.  Require pump gear case cooling lines, pump cooler (recirculation) line, and first 3 feet of gauge lines to be rated for at 400 psi and 400º F minimum.

10. Revise pump recirculation flow requirement from “1.5 to 2.5 gpm at 150 psi” to “2 gpm minimum to 3 gpm maximum at 150 psi.”

Follow-up Testing:
1.  Perform additional testing to determine if the pump gear case cooler is necessary.

2.  Perform additional testing to confirm pump recirculation flow requirements when all discharges are closed.  The required bleed rate is believed to be 3 to 4 gpm at 400 psi.
3.  When this apparatus is placed in service and fully loaded (crew, equipment and water) obtain updated front and rear axle weights and total weight. 
Future considerations:

The following items are provided for future consideration by the National Fire Vehicle Standardization committee.

1.  To improve safety, provide a landing at the top of the ladder and an aisle down the center of the hose bed.

2.  Deletion of the relief valve:  See discussion under “Plumbing” in the body of the report. 

3.  Replacement of the electric (remote) pump to tank valve with a mechanical valve and linkage:  See discussion under “Plumbing" in the body of the report.
� The difference between the GAWR or GVWR and the actual axle loading or actual total weight expressed as a percentage of the GAWR or GVWR  


� The ratio between the actual axle weight and the actual total weight expressed as a percentage of the actual total weight.


� The curb weight is defined as the actual weight of a vehicle including all permanently attached items and a full tank of fuel.  It does not include the cargo (water, tools, supplies, gear, etc), the driver, or passengers.  


� The 2006 Edition of NFPA 1906 requires the fire apparatus to be loaded at GVWR.  This requirement of NFPA 1906, 2006 Edition, is not practical, or in some cases not possible, to do.  To SDTDC knowledge, manufacturers are testing at the “estimated in-service weight,” not at GVWR.


  


� Bleed valve ( no. 17) closed 


� 363 gpm @110 psi


� Water boils at 440° at 400 psi. This can occur in any pump under these conditions.
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