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EXECUTIVE SUMMARY

Starcraft Bus, a Division of Forest River. Inc. submitted a model Allstar XL,
diesel-powered 31 seat (including the driver) 34-foot bus, for a 10 yr/350,000 mile
STURAA test. The odometer reading at the time of delivery was £ 2 miles. Testing
started on October 9, 2008 and was completed on May 1, 2009. The Check-in section
of the report provides a description of the bus and specifies its major components.

The primary part of the test program is the Structural Durability Test, which also
provides the information for the Maintainability and Reliability results. The Structural
Durability Test was started on November 5, 2008 and was compl :d on March 20,
2009.

The interior of the bus is configured with seating for 31 passengers including the
driver. Free floor space will accommodate 19 standing passengers resulting in a
potential load of 50 persons. At 150 Ibs per person, this load rest s in a measured
gross vehicle weight of 22,170 Ibs. The first segment of the Structural Durability Test
was performed with the bus loaded to a GVW of 22,170 Ibs. The middle segment was
performed at a seated load weight of 19,450 Ibs and the final segment was performed at
a curb weight of 14,880 Ibs. Durability driving resulted in unscheduled maintenance and
failures that involved a variety of subsystems. A description of failures, and a complete
and detailed listing of scheduled and unscheduled maintenance is provided in the
Maintainability section of this report.

Accessibility, in general, was adequate, components covered in Section 1.3
(Repair and/or Replacement of Selected Subsystems) along with all other components
encountered during testing, were found to be readily accessible and no restrictions were
noted.

The Reliability section compiles failures that occurred during Structural Durability
Testing. Breakdowns are classified according to subsystems. The data in this section
are arranged so that those subsystems with more frequent problems are apparent. The
problems are also listed by class as defined in Section 2. The test bus encountered no
Class 1 or Class 2 failures. Of the 29 reported failures, 15 were Class 3 and 14 were
Class 4.

The Safety Test, (a double-lane change, obstacle avoidance test) was safely
performed in both right-hand and left-hand directions up to a maximum test speed of 45
mph. The performance of the bus is illustrated by a speed vs. time plot. Acceleration
and gradeability test data are provided in Section 4, Performance. The average time to
obtain 50 mph was 18.04 seconds.

The Shakedown Test produced a maximum final loaded deflection of 0.329
inches with a permanent set ranging between -0.005 to 0.007 inches under a distributed
static load of 18,750 Ibs. The Distortion Test was completed with all subsystems, doors
and escape mechanisms operating properly. No water leakage was observed
throughout the test. All subsystems operated properly.



. ve test bus was not equipped with any type of tow eyes or tow hooks, therefore
the Static .owing . ost was not performed. The Dynamic Towing Test was performed
by means of a front-lift tow. The towing interface was accomplished using a hydraulic
under-lift wrecker. The bus was towed without incident and no damage resulted fr
the test. The manufacturer does not recommend towing the bus from the rear,
the ore, a rear test was not performed. The Jacking 1d Hoisting Tests were also
performed without incident. The bus was found to be stable on the jack stands, and the
minimum jacking clearance observed with a tire deflated was 4.9 inches.

A Fuel Economy Test was run on simulated central business district, arterial, and
commuter courses. The results were 4.72 mpg, 4.78 mpg, and 8.88 mpg respectively;
with an overall average of 5.47 mpg.

A ser ; of Interior and Exterior Noise Tests was performed. These data are
lis 1in :ction 7.1 and 7.2 respectively.



ABBREVIATIONS

ABTC - Altoona Bus Test Center
A/C - air conditioner
ADB - advance design bus

ATA-MC - The Maintenance Council of the American Trucking Association
CBD - central business district
CwW - curb weight (bus weight including maximum fuel, oil, and coolant; but

without passengers or driver)

dB(A) - decibels with reference to 0.0002 microbar as measured on the "A" scale

DIR - test director

DR - bus driver

EPA - Environmental Protection Agency

FFS - free floor space (floor area available to standees, excluding ingress/egress areas,

area under seats, area occupied by feet of seated passengers, and the vestibule area)
GVL - gross vehicle load (150 Ib for every designed passenger seating

position, for the driver, and for each 1.5 sq ft of free floor space)
GVvw - gross vehicle weight (curb weight plus gross vehicle load)

GVWR - gross vehicle weight rating

MECH - bus mechanic

mpg - miles per gallon

mph - miles per hour

PM - Preventive maintenance

PSBRTF - Penn State Bus Research and Testing Faclility
PTI - Pennsylvania Transportation Institute

rpm - revolutions per minute

SAE - Society of Automotive Engineers

SCH - test scheduler

SEC - secretary

SLW - seated load weight (curb weight plus 150 |b for every designed passenger seating

position and for the driver)
STURAA - Surface Transportation and Uniform Relocation Assistance Act
TD - testdriver

TECH - test technician
™ - track manager
TP - test personnel



TEST BUS CHECK-IN

. PRIEC. .\

The objective of this task is to log in the test bus, assign a bus number, complete
the vehicle data form, and perform a safety check.

ll. TEST DF<CRIPTION

The test consists of assigning a bus test number to the bus, cleaning the bus,
completing the vehicle data form, obtaining any special information and tools from the
manufacturer, determining a testing schedule, performing an initial safetv check, and
performing the manufacturer's recommended preventive maintenance. ..e bus
manufacturer must certify that the bus meets all Federal regulations.

. DISCUSS'™N

The check-in procedure is used to identify in detail the major components and
configuration of the bus.

The test bus consists of a Starcraft Bus, model Allstar XL.. The bus has a driver’s
door and passenger door rear of the front axle and a handicap entrance which is not
equipped with a lift, rear of the rear axle. Power is provided by a diesel-fueled, General
Motors Corp., model Duramax 6.6 L engine coupled to an Allison model 2000 Series
transmission.

The measured curb weight is 6,180 Ibs for the front axle and 8,700 Ibs for the rear
axle. These combined weights provide a total measured curb weight of 14,880 Ibs.
.nere are 31 seats including the driver and room for 19 standing passengers bringing
the total passenger capacity to 50. Gross load is 150 Ib x 50 = 7,500 Ibs. At full
capacity, the measured gross vehicle weight is 22,170 Ibs.







































1. MAIN: AINABILITY

1.1 ACCESSIBILITY OF COMPONENTS AND SUBSYSTEMS

1.1-l. TEST OBJECTIVE

The objective of this test is to check the accessibility of components and
subsystems.

1.1-1l. TEST DESCRIPTION

Accessibility of components and subsystems is checked, and where accessibility
is restricted the subsystem is noted along with the reason for the restriction.

1.1-1l. DISCUSSION
Accessibility, in general, was adequate. Components covered in Section 1.3
(repair and/or replacement of selected subsystems), along with all other components

encountered during testing, were found to be readily accessible and no restrictions were
noted.
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1.2 SERVICING, PRcveNTIVE MAINTENANCE= AND
REPAIR AND MAINTENANCE DURING TESTING

12_' TESJI (\D ICEQATIN/E

The objective of this test is to collect maintenance data about the servicing,
preventive maintenance, and repair.

1.2.-1l. TECT DE<STRIF ..ON

The test will be conducted by operating the NBM and collecting the following data
on work order forms and a driver log.

1. Unscheduled Maintenance

a. Bus numt

b. ~ate

c. Mileage

d. Description of malfunction

e. Location of malfunction (e.g., in servic or undergoing inspection)
Repair action and parts used
g. Man-hours required

=h

2. Scheduled Maintenance
a. Bus number
b. Date
c. Mileage
d. Engine running time (if available)
. Results of scheduled inspections
Description of maifunction (if any)
g. Repair action and parts used (if any)
h. Man-hours required

Pl (/]

The buses will be operated in accelerated durability service. While typical items
are given below, the specific service schedule will be that specified by the manufacturer.

3rvice

1. Fueling

2. Consumable checks
3. Interior cleaning

B. Preventive Maintenance
4. Brake adjustments
5. Lubrication
6. 3,000 mi (or equivalent) inspection

22



7. Oil and filter change inspection
8. Major inspection
9. Tune-up

C. Periodic Repairs

Brake reline

Transmission change

Engine change

Windshield wiper motor change
Stoplight bulb change

Towing operations

Hoisting operations

Noahkowh =

1.2-1ll. DISCUSSION

Servicing and preventive maintenance were performed at manufacturer-specified
intervals. The following Scheduled Maintenance Form lists the mileage, items serviced,
the service interval, and amount of time required to perform the maintenance. Table 1
is a list of the lubricating products used in servicing. Finally, the Unscheduled
Maintenance List along with Unscheduled Maintenance-related photo ‘aphs is included
in Section 5.7, Structural Durability. This list supplies information related to failures that
occurred during the durability portion of testing. The Unscheduled Maintenance List
includes the date and mileage at which the malfunction occurred, a description of the
malfunction and repair, and the time required to perform the repair.
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(Page 2 of 2)

SCHEDULED MAINTENANCE
Starcraft #0815
TEST DOWN
DATE MILES SERVICE ACTIVITY TIME HOURS

02-11-09 7,398 P. /Inspection Linkage, tie rods, universals/u-joints all 4.00 4.00
lubed; all fluids checked.

02-24-09 8,726 P.M. / Inspection Linkage, tie rods, universals/u-joints all 4.00 4.00
lubed; all fluids checked.

03-02-09 9,668 P.M. / Inspection Linkage, tie rods, universals/u-joints z 4.00 4.00
lubed; all fluids checked.

03-09-09 10,183 | P.M./ Inspection Linkage, tie rods, universals/u-joints all 4.00 4.00
lubed; all fluids checked.

04-23-09 11,250 P |/ Inspection Linkage, tie rods, universals/u-joints all 8.00 8.00

Fuel Economy Prep.

lubed. Qil changed. Qil, fuel, and air filters
changed. Transmission oil and filter
changed. '




Table 1. STANDARD LUBRICANTS

. .1e following is a list ol , 2xaco lubricant products used in bus testing conducted by the
Penn State University Altoona Bus . esting Center:

ITEM E&(’\r\l 1T CODE QFC‘(‘D”‘)TI/‘\RI

Engine oil #2112 URSA Super Plus SAE 30

Transmission oil #1866 Automatic Trans Fluid
Mercon/Dexron |l

Multipurpose

Gear oil #2316 Multic ir Lubricant
EP S/ 80W90
Wheel bearing & #1935 Starplex Il

Chass grease
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1.3 REPLACEMENT AND/OR REPAIR OF
SELECTED SUBSYSTEMS

1.3-1. T=<T OBJECTIVE

The objective of this test is to establish the time required to replace and/or repair
selected subsystems.

1.3-1l. TEST DESCRIPTION

The test will involve components that may be expected to fail or require
replacement during the service life of the bus. In addition, any component that fails
during the NBM testing is added to this list. Components to be included are:

Transmission
Alternator

Starter

Batteries

Windshield wiper motor

o=

1.3-Hll. DISCUSSE'™N

During the test, several additional components were removed for repair or
replacement. Following is a list of components and total repair/replacement time.

MAN HOURS

Exhaust down pipe. 2.0
Four body-to-frame brackets. 6.0
Left front sway bar mount. 1.5

Tail pipe hanger. 1.0

Fu | se &fuelfilter. 9.0
Rear bumper & brackets. 1.0
Engine mount bolt. 20
Drive axle tires. 0.5
Five body supports. 1.0

27












2. RELIABILITY - DOCUMENTATION OF BRE .KDOWN
AND REPAIR TIMES DURING TESTIN 5

2-1. TE€T "B IECTIVE

The objective of this test is to document unscheduled breakdowns, repairs, down
time, and repair time that occur during testing.

2-11. TEST DESCRIPTION

Using the driver log and unscheduled work order forms, all significant
breakdowns, repairs, man-hours to repair, and hours out of service are recorded on the
Reliability Data Form.

CLASS OF FAILURES

Classes of failures are described below:

(a) Class 1: P+~inal Safety. A failure that could lead directly to
passenger or dnver injury and represents a severe crash situation.

(b) Cla-- 7 Toad Call. A failure resulting in an en route interruption
of revenue service. Service is discontinued until the bus is replaced
or repaired at the point of failure.

(c) Class 3: Bus Change. A failure that requires removal of the bus from
service during its assignments. The bus is operable to a rendezvc
point with a replacement bus.

(d) Class 4. Bad ™4~- A failure that does not require removal of
the bus from service during its assignments but does degrade coa
operation. The failure shall be reported by driver, inspector, or
hostler.

2-1ll. DISCUSSION

A listing of breakdowns and unscheduled repairs is accumulated during the
Structural Durability Test. The following Reliability Data Form lists all unscheduled
repairs under classes as defined above. These classifications are somewhat subjective
as the test is performed on a test track with careful inspections every two hours.
However, even on the road, there is considerable latitude on deciding how to handle
many failures.

The Unscheduled Repair List is also attached to provide a reference for the
repairs that are included in the Reliability Data Forms.

31



1e classification of repairs according to subsystem is intended to emphas™
those ns which had persistent minor or more serious problems. Therev e no
Class 1 or 2 failures. Of the 15 Class 3 failu 3, six occurred in the exhaust system, fir
involved the engine/transmission, two with tt frame/body and one each with fl
suspension and electrical system. These and the remaining 14 Class 4 failures are

available for review in the Unscheduled Maintenance List, located in Section 5.7
Structural Durability.
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RELIABILITY DATA FORMS

Bus Number: 0815 Date: 05-20-09

Personnel: Bob Reifsteck

r———_——__——_—__.——-q_____r

Failure Type
Class 4 Class 3 Class 2 Class
Bad Bus Road Physical
Order Change Call Safety
S —
17 1 1 ] Man Down
Subsystems Mileage Mileage Mileage Mileage Hours Time

Body 719 3.50 | 216.00
4,045 6.00 | 56.00
6,208 0.50 4.00
| 6,246 1.00 8.00
6,715 0.50 0.50
6,940 3.00 1.00
7,613 1.00 3.00
8,490 1.00 0.50
9,347 1.00 u.5U
Electrical 719 3.00 6.00
Suspension 4,045 1.50 3.00
Wheels and Tires 9,347 0.50 0.50
Engine/Transmission 6,246 1.00 8.00
7,390 0.50 6.00
7,836 12.00 | 26.00
8,024 9.00 8.00
8,726 2.00 8.00
8,912 2.00 3.00
9,347 0.50 8.00
10,183 2.00| 54.00
10,503 2.00| 64.00
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3. SAFETY - A DOUBLE-LANE CHANGE
(OBSTACLE AVOIDANCE)

3-1. TEST OBJECTIVE

The objective of this test is to determine handling and stability of the bus by
measuring speed through a double lane change test.

3-1l. TEST DESCRIPTION

The Safety Test is a vehicle handling and stability test. The bus will be operated
at SLW on a smooth and level test track. The bus will be driven through a double lane
change course at increasing speed until the test is considered unsafe or a speed of 45
mph is reached. The lane change course will be set up using pylons > mark off two 12
foot center to center lanes with two 100 foot lane change areas 100 feet apart. The bus
will begin in one lane, change to the other lane in a 100 foot span, travel 100 feet, and
return to the original lane in another 100 foot span. This procedure will be repeated,
starting first in the right-hand and then in the left-hand lane.

3-1ll. DISCUSSION
The double-lane change was performed in both right-hand and left-hand

directions. The bus was able to safely negotiate the test course in both the right-hand
and left-hand directions up to the maximum test speed of 45 mph.
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4. rernrORMANCE - AN AvlerenAnioN, GrAucADILL Y,
AND Tur SPEEL 151

4-|. TEST OBJECTI\ o

The objective of this test is to determine the acceleration, gradeability, and top
speed capabilities of the bus.

4-ll. TEST DESCRIf

In this test, the bus will be operated at SLW on the skid pad at the PSBRTF. The
bus will be accelerated at full throttle from a standstill to a maximum "geared" or "safe"
speed as determined by the test driver. The vehicle speed is measured using a Correvit
non-contacting speed sensor. The times to reach speed between ten mile per hour
increments are measured and recorded using a stopwatch with a lap timer. The time to
speed data will be recorded on the Performance Data Form and later used to generate
a speed vs. time plot and gradeability calculations.

4_“| F\IC‘?I IC‘C‘IﬁN_

This test consists of three runs in both the clockwise and counterclockwise
directions on the Test Track. Velocity versus time data is obtained for each run and
results are averaged together to minimize any test variability which might be introduced
by wind or other external factors. The test was performed up to a maximum speed of
50 mph. The fitted curve of velocity vs. time is attached, followed by the calculated
gradeability results. The average time to obtain 50 mph was 18.04 seconds.
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PERFORMANCE SUMMARY [
MANUF,  H._: @' rcraft RIS NU ._‘R :0815
(N :Allstar XL " DATE :04/24/09
TEST CONDITIONS :

TEMPERATURE (DEG F ) : 62.0
WIND DIRECTION -
WIND SPEED. (MPH) : 9.0
HUMIDITY (%) : 37

BAROMETRIC PRESSURE (IN. HG) ; 30.2

VEHICLE SPEED AVERAGE TIME (SEC)
(MPH) CCW DIRECTION CwW DIRECTION TOTAL
10.0 2.79 2.80 2.80
20.0 5.30 4.95 5.13
30.0 8.78 7.96 8.37
40.0 13.12 12.00 12.56
50.0 18.77 17.31 18.04

e s e s o e et e et A e e T e e e o v e W S T P A e = — — e ——

VEHICLE SPEED TIME ACCELERATION MAX. GRADE
(MPH) (SEC) (FT/SECA2) %)

1.0 L22 6.5 20.6

5.0 1.15 6.2 19.5
10.0 2.39 5.7 18.0
15.0 3.73 5.2 16.5
20.0 5.19 4.8 15.1
25.0 6.79 4.4 13.7
30.0 8.55 4.0 12.4
35.0 10.50 3.6 11.1
40.0 12.68 3.2 9.9
45.0 15.13 2.8 8.8
50.0 17.92 2.5 7.7

NO : Gradeability resuylts were calculated from performance

----  test data. Acti | sustait | g Jleability performance
for vehicT equi?ped with auto transmission may be
Tower than wae values indicated here.
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Velocity vs. Time
Starcraft 0815
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5. SIRUCTURAL INTEGRITY

5.1 STRUCTURAL “TF NGTH AND DISTORTION TESTS -
STRUC . JR/" "HAKEDOWN 75T

5.1-l. ™<e"USSION

The objective of this test is to determine certain static characteristics (e , bus
floor deflection, permanent structural deformation, etc.) under static loading conaitions.

5.1-1l. TEST DESCRIf

In this test, the bus will be isolated from the suspension by blocking the vehicle
under the suspension points. The bus will then be loaded and unloaded up to a
maximum of three times with a distributed load equal to 2.5 times gross load. Gross
load is 150 Ib for every desianed passenger seating position, for the driver, and for each
1.5 sq ft of free floor space. . ur a distributed load equal to 2.5 times gross load, place a
375-Ib load on each seat and on every 1.5 sq ft of free floor spat The first loading
and unloading sequence will "settle" the structure. Bus deflection will be measured at
several locations during the loading sequences.

5.1-Ill. DIertieeInN

This test was performed based on a maximum passenger capacity of 50 people
including the driver. Tl resulting test load is (50 x 375 Ib) = 18,750 Ib. Tt load is
distributed evenly over the passenger space. Deflection data before and after each
loading and unloading sequence is provided on the Structural Shakedown Data Form.

The unloaded height after each test becomes the original height for the next test.
Some initial settling is expected due to undercoat compression, etc. After each loading
cycle, the deflection of each reference point is determined. The bus is then unloaded
and the residual (permanent) deflection is recorded. On the fii  test, tt maximum
loaded del :tion was 0.329 inches at reference point 4. The maximum permanent
deflection after the final loading sequence ranged from -0.005 inches at reference points
1 and 6 to 0.007 inche at reference points 8 and 9.
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STRUCTURAL SHAKEDOWN DATA FORM

Bus Number: 0815 Date: 10-22-08

Temperature (°F): 40

Personr~tT<e £ ED.&S.C.

Loading Sequence: ®m1 02 o3 (checkone)

Test Load (Ibs): 118,750

Indicate Approximate Location of Each Reference Point

Right

Front

of

Bus

Left

Top View
A (in) B (in) B-A (in) C (in) C-A (in)
Reference Original Loaded Loaded Unloaded Permanent
Point No. Height Height Deflection Height Deflection
1 0 -.050 -.050 .000 .000
2 0 158 158 .020 .020
3 0 278 278 .027 .027
4 0 .240 .240 .032 .032
5 0 .300 .300 .032 .032
| 6 0 "0 B 100 | e -.018

7 0 .032 .032 -.022 -.022
8 0 296 296 .028 .028
o 0 A7 207 .028 .028
10 0 273 273 .024 .024
11 0 160 160 .015 .015
12 0 .-033 -.033 .000 .000
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5.2 STRUCTURAL STREN_TH AND ™'TOK ::0ON
TES:13 - STRUCTURAL DISTOr 110N

52 77T 77 JECT" T

The objective of this test is to observe the operation of the bus subsystems wl 1
the bus is placed in a longitudinal twist simulating operation over a curb or through a
potho

5.2-ll. TEST DE<TRIPT'"M

With the bus loaded to GVWR, each wheel of the bus will be raised (one at a
time) tc mulate operation over a curb and the following will be inspected:

Body

Windows

Doors

Roof vents

Special seating
Undercarriage
Engine

Service doors
Escape hatches
Steering mechanism

COXNOIOAON =

—

Each wheel will then be lowered (one at a time) to simulate operation through a pothole
and the same items inspected.

5.2-l1l.

The test sequence was repeated ten times. The first and last test is with all
wheels level. The other eight tests are with each wheel 6 inches higher and 6 inches
lower than the other three wheels.

All doors, windows, escape mechanisms, engine, steering and handicapped
devices operated normally throughout the test. The undercarriaae and body indicated
no deficiencies. No water leakage was observed during the test. ..1e results of this test
are indica | on the following ¢ a forms.
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DISTORTION TEST INSPECTION FORM
(Note: . on copies of this data sheet are required)

Bus Number: 0815

Date: 10-27-08

Personnel: T.S., E.L. & E.D.

Temperature(°F): 45

Wheel Position : (check one

All wheels level o before o after

Left front o 6 in higher o 6 in lower
Right front = 6 in higher o 6 in lower
Right rear o 6 in higher o 6 in lower
Left rear o 6 in higher 0 6 in lower
Right center o 6 in higher o 6 in lower
Left center o 6 in higher 0 6 in lower

Comments

= Windows No deficiencies.

= Front Doors No deficiencies.

a Rear Doors No deficiencies.

= Escape Mechanisms/ Roof Vents No deficiencies.

= Engine No deficiencies.

= Handicapped Device/ Special No deficiencies.

~2ating

= Undercarriage No deficiencies.

s Service Doors No deficiencies.

= Body No deficiencies.

= Windows/ Body Leakage No deficiencies.

No deficiencies.

s Steering Mechanism
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5.3 STRUCTURAL STRENGTH AND wISTORTION
TES 13 - STATIC TOWING TEST

5.3-1. T=ST OB.

The objective of this test is to determine the characterist i of the bus towing
mechanisms under static loading conditions.

5.3-Il. TEST YCPRIDTINM

Utilizing a load-distributing yoke, a hydraulic cylinder is used to apply a static
tension load equal to 1.2 times the bus curb weight. The load will be applied to both the
front and rear, if applicable, towing fixtures at an angle of 20 deg :s with the
longitudinal axis of the bus, first to one side then the other in the horizontal plane, and
then upward and downward in the vertical plane. Any permanent defol 1ition or
damage to the tow eyes or adjoining structure will be recorded.

53_”' E\IC‘I‘I IC‘QIqﬂ

The test bus submitted for testing was not equipped with any type of tow eyes or
tow hooks, therefo  the Static Towing Test was not perforn |
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5.4 STRUC,JRAL STRENGTH AND DISTORTION TESTS -
DYNAMIC TOWING TEST

5.4-1. TEST OBJECTIVE

The objective of this test is to verify the integrity of the towing fi; res and
determine the feasibility of towing the bus under manufacturer specified procedures.

5.4-Il. TEST "=e~P!PTION

This test requires the bus be towed at curb weight using the specified equipment
and instructions provided by the manufacturer and a heavy-duty wrecker. The bus will
be towed for 5 miles at a speed of 20 mph for each recommended towing configuration.
After releasing the bus from the wrecker, the bus will be visually inspected for any
structural damage or permanent deformation. All doors, windows and assenger
escape mechanisms will be inspected for proper operation.

5.4-1ll. DISCUSSION

The bus was towed using a heavy-duty wrecker. The towing interface was
accomplished by incorporating a hydraulic under lift. A front lift tow was performed.
Rear towing is not recommended. No problems, deformation, or damage was noted
during testing.
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JACKING TEST DATA FORM

Bus Number: 0815 Date: 10-9-08

| Personnel: T.5. & S.C Temperatire (°F\ 70

Record any permanent deformation or damage to bus as well as any difficulty
encountered during jacking procedure.

Jacking Pad Jacking Pad
Deflated Clearance Clearance
Tire Body/Frame Axle/Suspension Comments
(in) (in)
. 2221 7.2%1
nght front 205“D 50“D
2211 7.1%1
Left front 20.4“D 49D
_ ] 2751 10.7 “ |
Right rear—outside 273D 105D
2751 10.7 “ |
Right rear—both 257D 90“D
27.5"1 10.8 “|
Left rear—outside 27.3¢D 105“D
2751 10.8 “ |
Left rear—both 26.0“D 88D
Right mldgﬂe or NA NA
tag—outside
Right middle or
tag—both NA NA
Left mlddle or tag— NA NA
outside
Left middle or tag—
both NA NA
Additional comments of any deformation or difficulty during jacking:
None noted.
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5.6 STRUCTURAL S:1P”=NGTH AND DIS 1 ORTION
TES:1S - HOISTING TEST

5.6-1. TEST OBJECTIVE

Tt objective of this test is to determine possible damage or deformation caused
by the jack/stands.

5.6-ll. T=<T Dt PTION

With the bus at curb weight, the front end of the bus is raised to a height sufficient
to allow manufacturer-specified placement of jack stands under the axles or jacking
pads independent of the hoist system. The bus will be checked for stability on the jack
stands and for any damage to the jacking pads or bulkheads. The procedure is
repeated for the rear end of the bus. The procedure is then repeated for the front and
rear simultaneously.

5.6-11l. DISCUSSION
The test was conducte ng four posts of a six-post electric lift and stande 19
inch jack ands. The bus w: isted from the frontwl |, rear wheel, and then the

front and rear wheels simultaneously and placed on jack stands.

The bus easily accommodated the placement of the vehicle lifts and jack stands
and the procedure was performed without any instability noted.
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Starcraft - TEST BUS #0815

MILEAGE DRIVEN/RECORDED FROM DRIVER'S LOGS

DATE TOTAL TOTAL TOTAL
DURABILITY OTHER
TRACK MILES
11/03/08 TO 229,00 59.00 288.00
11/09/08
11/10/08 TO 241.00 11.00 252.00
11, 08
11/17/08 TO 102.00 77.00 179.00
11/23/08
11/24/08 TO 0.00 96.00 96.00
11/30/08
12/1/08 TO 699.00 31.00 730.00
12/07/08
12/08/08 TO 113.00 52.00 165.00
12/14/08
15/08 TO 291.00 13.0 304.00
12/21/08
12/22/08 TO 339.00 25.0 364.00
12/28/08
12/20/08 TO 91.00 4.00 95.00
01/04/09
01/05/09 TO 851.00 148.00 999.00
01/11/09
01/12/09 TO © 0.00 573.00 573.00
01/18/09
01/19/09 TO 542,00 68.00 610.00
01/25/09
01/26/08 TO 1141.00 78.00 1219.00
02/01/09
02/02/08 TO 744.00 229.00 973.00
02/08/09
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(Page 1 of 5)

the lower body panels; two forward of the

re axie and one rear of the rear axie on
the right side and one rear of the axle on the
left side.

UNSCHEDULED MAINTENANCE
Starcraft Bus #0815
—
TEST MAN DOWN
DATE MILES SERVICE ACTIVITY HOURS TIME
11-18-08 719  |Two body-to-frame mounts are broken, one |Welded/repaired mounts. 3.50 216.00
on each side directly above rear axle.
11-24-08 719 |The "Check Engine" and "Regen" lights are |Wiring hamess chaffed through near the 3.00 6.00
on. AC compressor. Warranty dealer
replaced wiring hamess.
12-10-08 1,642 e flange is cracked on the exhaust down |Replaced exhaust down pipe. Ordered 2.00 20.00
pipe. flange clamp.
12-1 08 1,702 |Flange clamp that was ordered on 12/10/08 |Installed flange clamp on exhaust down 1.00 0.50
has arrived. pipe.
01-15-09 3,612 |The flange is wom on the exhaust down pipe|Replaced exhaust down pipe and clamp. 2.00 24.00
: and is leaking exhaust.
01-21-09 4,045 |Four body-to-frame brackets are broken on |Replaced four body-to-frame brackets. 6.0(5 56.00
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(Page 3 of 5)
UNSCHEDULED MAINTENANCE

I

connection,

|gasket.

Starcraft Bus #0815
TEST MAN DOWN
DATE MILES SERVICE ACTIVITY JURS TIME
02-11-09 7,390 ' exhaust system stayed in "Regen” The exhaust gas filter light went out after 0.50 6.00
je for approximately 12 hours with the  |approximately one hour of highway
red "Exhaust Gas Filter” light on. The driving, the "Check Engine” light stayed
*  eck Engine" light is also on. on. Found codes P2453 and P0234 in
history. Cleared history codes; "Check
Engine" light is out.
02-12-09 7,613 {The right rear bumper bracket is broken. Removed rear bumper and both brackets. 1.00 3.00
Ordered new brackets.
02-16-09 7,836  ngine cranks but will not start. Found fuel filter empty. Filled fuel filter 12.00 26.00
and primed fuel system.
02-17-09 8,024 |Engine cranks but will not start. Found a hole in the fuel supply hose at the 9.00 8.00
filter housing. Fuel hose and fuel filter
replaced.
02-19-09 8,490 |Rear bumper bracket ordered on 02/12/09 |Instalied rear bumper bracket and 1.00 0.50
has arrived. bumper.
02-23-09 8,565 » exhaust pipe is leaking at the turbo teplaced exhaust down pipe clamp and 2.00 10.00
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UNSCHEDULED MAINTENANCE
Starcraft Bus #0815

DATE

TEST
MILES

SERVICE

ACTIMTY

MAN
Houe<

03-09-09

03-13-08

10,183

10,503

The "( eck Engine" and "Limited Power"
lights are on.

The "Check Engine" and "Limited Power”
lights are on. Will not regenerate.

Checked electrical connections and
~hecked for codes. Found codes P0102

mass air flow "A" circuit low input), P0113
(intake air temp. sensor 1 circuit high
input), and P2453 (diesel particulate filter
pressure sensor "A" circuit range/
performance). Checked and cleaned
ground wires. Codes cleared.

Checked for codes, checked sensor
wiring, checked air intake system.
Repaired air leak in the air induction
(found hole in the bottom of the air filter
box). Cleared codes.

2.0u

2.00

DOWN
TIME

54.00

64.00



















6. FUEL ECONOMY TEST - A FUEL CONSU IPTION
TEST USING AN APPROPRIATE OPERATING CYCLE

6-1. TEST OBJECTIVE

The objective of this test is to provide accurate comparable fuel consumption data
on transit buses produced by different manufacturers. This fuel economy test bears no
relation to the calculations done by the Environmental Protection Agency (EPA) to
determine levels for the Corporate Average Fuel Economy Program. EPA's calculations
are based on tests conducted under laboratory conditions intended to simulate city and
highway driving. This fuel economy test, as designated here, is a measurement of the
fuel expended by a vehicle traveling a specified test loop under specified operating
conditions. The results of this test will not represent actual mileage bt will provide data
that can be used by recipients to compare buses tested by this procedure.

6-1l. TEST DESCRIPTION

This test requires operation of the bus over a course based on the Transit Coach
Operating Duty Cycle (ADB Cycle) at seated load weight using a procedure based on
the Fuel Economy Measurement Test (Engineering Type) For Trucks and Buses: SAE
1376 July 82. The procedure has been modified by elimination of the control vehicle
and by modifications as described below. The inherent uncertainty and expense of
utilizing a control vehicle over the operating life of the facility is impractical.

The fuel economy test will be performed as soon as possible (weather permitting)
after the completion of the GVW portion of the structural durability test. It will be
conducted on the bus test lane at the Penn State Test Facility. Signs are erected at
carefully measured points which delineate the test course. A test run will comprise 3
CBD phases, 2 Arterial phases, and 1 Commuter phase. An electronic fuel measuring
system will indicate the amount of fuel consumed during each phase ¢ the test. The
test runs will be repeated until there are at least two runs in both the clockwise and
counterclockwise directions in which the fuel consumed for each run is within + 4
percent of the average total fuel used over the 4 runs. A 20-minute idle consumption
__stis perfc 1 just prior to and in....2diately after the drit  pc__on of the fuel
economy test. The amount of fuel consumed while operating at normal/low idle is
recorded on the Fuel Economy Data Fo This set of four valid runs along with idle
consumption data comprise a valid test.
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T “prc x eistl #77 cycle with the following four modifications:

1. The ADB cycle is structured as a set number of miles in a fixed time in the
following order: CBD, Arterial, CL., Arterial, CBD, and Commuter. A
separate idle fuel consumption measurement is performed at the I  jinning
and end of the fuel economy test. This phase seqt 1ce permits the reporting
of fuel consumption for each of these phases separately, making the data
more useful to bus  anufacturers ¢ | transit properties.

2. The operating prof”™ for testing purposes shall consist of simula | transit
type service at sea 1 load weight. The three t¢ phases (figure 6-1) e: a
central business district (CBD) phase of 2 miles with 7 stops per mile and a
top speed of 20 mph; an arterial phase of 2 miles with 2 stops per mile and a
top speed of 40 mph; and a commuter phase of 4 miles with 1 stop and a
maximum speed of 40 mph. At each designated stop the bus will remain
stationary for seven seconds. During this time, the passenger doors shall be
opened and closed.

3. The individual ADB phases remain unaltered with the exception that 1 mile
has been changed to 1 lap on the Penn State Test Track. One lap is equal to
5,042 feet. This change is accommodated by adjusting the cruise distance
and time.

4. The acceleration profile, for practical purposes and to achieve t ter
repeatability, has been changed to "full throttle acceleration to cruise
speed".

Several changes were made to the Fuel Economy Measurement Test
(Engineering Type) For Trucks and Buses: SAE 1376 July 82:

1. Sections 1.1, and 1.2 only apply to diesel, gasoline, methanol, and any ofl
fuel in the liquid state (excluding cryogenic fuels).

1.1 SAc 10,35 July 82 requires the use of at least a 16-gal fuel tank. Such
a fuel tank when full would weigh approximately 160 Ib. It is judged that a 12-gal tank
weighing approximately 120 Ib will be sufficient for this test and much easier for the
technician and test personnel to handle.
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1.2  SAE 1376 July 82 mentions the use of a mechanical scale or a
flowmeter system. This test procedure uses a load cell readout combination that
provides an accuracy of 0.5 percent in weight and permits on-board weighing of the
gravimetric tanks at the end of each phase. This modification permits 1e determination
of a fuel economy value for each phase as well as the overall cycle.

2. Section 2.1 applies to compressed natural gas (CNG), liquefied natural gas
(LNG), cryogenic fuels, and other fuels in the vapor state.

2.1 Alaminar type flowmeter will be used to determine the fuel
consumption. The pressure and temperature across the flow element will be monitored
by the flow computer. The flow computer will use this data to calculate the gas flow
rate. The flow computer will also display the flow rate (scfm) as well as the total fuel
used (scf). The total fuel used (scf) for each phase will be recorded on the Fuel
Economy Data Form.

3. Use both Sections 1 and 2 for dual fuel systems.

FUEL ECCMOMY CALCULATION PROCEDUPRPE

A. For diesel, gasoline, methanol and fuels in the liquid state.

The reported fuel economy is based on the following: measured test quantities--
distance traveled (miles) and fuel consumed (pounds); standard refer¢ ce values--
density of water at 60EF (8.3373 Ibs/gal) and volumetric heating value of standard fuel;
and test fuel specific gravity (unitless) and volumetric heating value (E J/gal). These
combine to give a fuel economy in miles per gallon (mpg) which is cor cted to a
standard gallon of fuel referenced to water at 60EF. This eliminates fluctuations in fuel
economy due to fluctuations in fuel quality. This calculation has been programmed into
a computer and the data processing is performed automatically.

The fuel economy correction consists of three steps:

1.) Divide the number of miles of the phase by the number of pounds of fuel

consumed
total miles
phase miles per phase per run
CBD 1.9097 5.7291
ART 1.9097 3.8193
COM 3.8193 3.8193
FEomin = Observed fuel economy = __miles
Ib of fuel
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(miIe/BTUx106) will also be provided so that the results can be compared to buses that
use other fuels.

1.) Divide the number of miles of the phase by the number of standard cubic
feet (scf) of fuel consumed.

total miles
phase miles per phase per run
CBD 1.9097 5.7291
ART 1.9097 3.8193
COM 3.8193 3.8193
FEomiscs = Observed fuel economy = __miles
scf of fuel

2) Convert the observed fuel economy to miles per Ib by dividing FEo by the
density of the test fuel at standard conditions (Lb/ft®).

Note: The density of test fuel must be determined at standard
conditions as described above. If the density is not defined at the
above standard conditions, then a correction will be needed before the
fuel economy can be calculated.

FEOminb =FEo/Gm

where Gm = Density of test fuel at standard conditions

3) Convert the observed fuel economy (FEomi/lb) to an energy equivalent of
(miles/BTUx10°) by dividing the observed fuel economy (FEomi/lb) by the
heating value of the test fuel at standard conditions.

~ | = ((FEomi/lb)/H)x10°
where

Eq = Energy equivalent of miles/Ib to mile/BTUx10°
H = Volumetric heating value of test fuel at standard conditions
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This is a comparative test of fuel economy using diesel fuel with a heating value of
19,631 btu/lb. The drivir = cycle cor s of Central Business District (CBD), Arterial
(ART), and Commuter (CUM) phases as described in 6-1l. The ft  consumption
each driving cycle and for idle is measured separately. The results a corrected to a
reference fuel with a volumetric heating value of 127,700.0 btu/gal.

An extensive pretest maintenance check is made including the replacement of all
lubrication fluids. ..ie details of the pretest maintenance are given in the first three
Pretest Maintenance Forms. ..e fourth sheet shows the Pretest Inspection. The next
sheet shows the correction calculation for the test fuel. The next four Fuel Economy
Forms provide the data from the four test runs. Finally, the summary sheet provides the
avera( fuel consumption. The overall average is based on total fuel and total mileage
for each phase. The overall average fuel consumption values were; CBD — 4.72 mpg,
ART —4.78 mpg, and C _./A - 8.88 mpg. Average fuel consumption at idle was 0.52

gph.
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FUEL ECONOMY PRE-TEST MAINTENANCE FORM

Bus Number: 0815 Date: 4-16-09

SLW (Ibs): 19,450

Personnel: T.S. & S.C.

FUEL SYSTEM OK Di Initials
Install fuel measurement system v 4/16/09 S.C.
Replace fuel filter v 4/16/09 S.C.
Check for fuel leaks v 4/16/09 S.C.
Specify fuel type (refer to fuel analysis) Diesel
Remarks: None noted.

BRAKES/TIRES OK D: Initials
Inspect hoses v 4/16/09 T.S.
Inspect brakes _ v 4/18/09 T.S.
Relube wheel bearings v 4/16/09 T.S.
Check tire inflation pressures (mfg. specs.) v 4/16/09 T.S.
Remarks: None noted.

COOLING SYSTEM OK D: : Initials

Check hoses anA ~annections v 4/16/09 S.C.
Check system for coolant leaks v 4/16/09 S.C.

Remarks: none noted.
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0815 .ful
FUEL ECONOMY SUMMARY SHEET

BUS MANUFACTURER :Starcraft BUS NUMBER :0815

BUS MODEL :Allstar XL TEST DATE :04/23/09

FUEL TYPE : DIESEL

SP. GRAVITY ¢ .8400

HEATING VALUE : 19631.00 BTU/Lb

FUEL TEMPERATURE ! 60.00 deg F

standard Conditions : 60 deg F and 14.7 psi

bensity of Water 1 8.3373 1b/gallon at 60 deg F

CYCLE TOTAL FUEL TOTAL MILES FUEL ECONOMY FGEL ECONOMY
USED{GAL) MPG(Measured) MPG (Corrected)

Run # :1, CCW '

CBD 1.233 5.73 4,647 28

ART 771 3.82 4.955 57

CcoM .415 3.82 9.205 48

TOTAL 2.419 13.37 5.527 5.09

Run # :2, CW

(o:]») 1.104 5.73 5.190 78

ART .743 3.82 5.141 74

CoM .401 3.82 9.526 5.78

TOTAL 2.248 13.37 5.948 5.48

Run # :3, CCw

CBD 1.103 5.73 5.195 4.79

ART .733 3.82 5.211 4 80

coM .390 3.82 9.795 03

TOTAL 2.226 13.37 6.006 5.54

Run # :4, Cw

CBD 1.053 5.73 5.442 5.01

ART .702 3.82 5.442 0l

coM .381 3.82 10.026 24

TOTAL 2,136 13.37 6.259 5.77

IDLE CONSUMPTION (MEASUREB)- i

First 20 Minutes Data :  .20GAL tLast 20 Minutes bata : .14GAL

Average Idle Consumption :  .52GAL/Hr

RUN CONSISTENCY: % Difference from overall average of total fur used

Run 1 : -7.2 Run 2 : .4 Run 3 : 1.4 Run 4 : 5.4

Average Idle Consumption : .56 G/Hr

Average CBD Phase consumption : 4.72 MPG

Average Arterial Phase Consumption : 4,78 MPG

Average Commuter Phase Consumption : 8.88 MPG

overall Average Fuel Consumption : 5.47 WMPG

overall Average Fuel Consumption : 39.78 Miles/ Million BTU
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INTERIOR NOISE TEST DATA FORM
Test Condition 3: Audible Vibration Test

Bus Number: 0815 Date: 4-24-09

Personnel: T.S., E.D. & M.R.

Temperature (°F): 62 Humidity (%): 37

Wind Speed (mph): 9 Wind Direction: S

Barometric Pressure (in.Hg): 30.18

Describe the following possible sources of noise and give the relative location on the
bus.

Source of Noise Location
Fnning gnd Arreesories None noted.
Windows and Doors None noted.

Seats and Wheel Chair lifts None noted.

Comment on any other vibrati~r»~ ~r nnise source which may have occurred

that is not described above: None noted.
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7.2 EXTERIOR NOISE TESTS

7.2-1. TEST OBJECTIVE

The objective of this test is to record exterior noise levels when a bus is operated
under various conditions.

7.2-1l. TEST DESCRIPTION

In the exterior noise tests, the bus will be operated at a SLW in three different
conditions using a smooth, straight and level roadway:

1. Accelerating at full throttle from a constant speed at or below 35 mph and just
prior to transmission up shift.

2. Accelerating at full throttle from standstill.

3. Stationary, with the engine at low idle, high idle, and wide open throttle.

In addition, the buses will be tested with and without the air conditioning and all
accessories operating. The exterior noise levels will be recorded.

The test site is at the PSBRTF and the test procedures will be in accordance with
SAE Standards SAE J366b, Exterior Sound Level for Heavy Trucks and Buses. The test
site is an open space free of large reflecting surfaces. A noise meter placed at a
specified location outside the bus will measure the noise level.

During the test, special attention should be paid to:

1. The test site characteristics regarding parked vehicles, signboards,
buildings, or other sound-reflecting surfaces

2. Proper usage of all test equipment including set-up and calibration

3. The ambient sound level

7.2-11l. ™'SCUSSION

The Exterior Noise Test determines the noise level generated by the vehicle under
different driving conditions and at stationary low and high idle, with and without air
conditioning and accessories operating. The test site is a large, level, bituminous paved
area with no reflecting surfaces nearby.

With an exterior ambient noise level of 42.2 dB(A), the average tet result obtained
while accelerating from a constant speed was 75.5 dB(A) on the right side and 77.5
dB(A) on the left side.
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When accelerating from a standstill with an exterior ambient noise level of 42.2
dB(A) a ageoftl resultsob =~ v 76.2¢” A)ontt 1 _tsic T
« A) e lefl de.

With the ' icle ationary and the gine, accessories, and air conditioning on,
the measurements averaged 52.2 dB(A) at low idle, 57.2 dB(A) at high idle, and 73.2
dB(A) at wide open throttle. With the accessories and air conditioning off, the readings
averaged 3.0 dB(A) lower at low idle, 0.9 dB(A) lower at high idle, and 0.3 dB(A) lower
at wide open throttle. The exterior ambient noise level measured during this test was
42.2 dB(A).
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EXTERIOR NOISE TEST DATA FORI

Stationary
Bus Number: 0815 Date: 4-24-09
Personnel: T.S., E.D. & M.R.
Temperature (°F): 62 Humidity (%): 37
Wind Speed (mph): 9 Wind Directien® <
Barometric Pressure (in.Hg): 30.18

Verify that microphone height is 4 feet, wind speed is less than 12 mph and ambient
tempoerature is between 30°F and 90°F: = checked by: S.C.

Initial Sotind 1 evel Meter Calibration: = checked by: S.C.

Exterior Ambient Noise Level dB(A): 42.2

Accessories and Air Conditioning ON

Curb (Right) Side Street (Left) Side
Throttle Position Engine RPM dB(A) db(A)
) Measured Measured
Low Idle 600 50.6 53.7
High Idle 1,185 56.1 58.3
Wide Open Throttle 3.350 72.6 73.8
Accessories and Air Conditioning OFF
Curb (Right) Side Street (Left) Side
Throttle Position Engine RPM dB(A) db(A)
Measured Measured
Low Idle 605 49.2 49.1
High Idle 1,150 55.6 57.0
Wide Open Throttle 3,350 72.9 72.8

bl 1 . ]
—_ ————————————— ————— — —————— — — ——— — — ————————— |

Final Sound Level Meter Calibration Check: = checked by: S.C.

|

Comments: None noted.
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3. D OF "7 "L\l

Manuiacuurer shall:

A. Atits sole expense, deliver the Bus on March 21 2072 o bie e N Aoy of
this date to the Altoona Bus Research and " ting C 245/ 11aun nuau, LUNCAUD VAT, F oY VaLLa.

o The Bus shall be delivered in such condition that testing can immediately commence.
e Manufacturer shall arrange for unloading of Bus, including all parts and equipment.

e The Bus shall be certified to be roadworthy and shall be licensed in such a manner as shall be valid in
the Commonwealth of Pennsylvania for operation of the Bus at the testing facility or over the road
between testing facility locations.

o The Bus shall meet all Federal Motor Vehicle Safety Standards as promulgated by the National Highway
Traffic Safety Administration in 49 CFR Part 571.

® An agent of Manufacturer shall be present at the time of delivery of the Bus to Operator.

e The Bus shall be delivered with:
(1) a spare parts kit containing filters, one set of mounted tires, suspension components special
lubricants and other such items contemplated to be used, consumed, or replaced during the
scope of the testing procedures, but not to include ordinary fuel and lubricants which shall be supplied
by Operator.

(ii) all operator’s manuals, maintenance manuals, parts manuals and wiring schematics applicable to the
Bus which shall include the recommended servicing procedures and specifications to be used in the
course of maintenance and operation of the Bus.

(iii) all special tools, nozzles, adapters, and fixtures required for repairs, adjus  :nts, fueling and towing
relating to the Bus.

B. At its sole expense, load and transport the Bus from the testing facility at the completion of the testing.

4 TWEES

mianufacturer shall Ray to Operator as its portion of the fee for testing the sum of Seven Thousand Four Hundred
Dollars  $7 4n ____) Dollars, which shall be due in full at the time of the delivery of the Bus,

and in any evem suaun e paid i 1n full prior to the commencement of any test procedures.

Said sum represents a twenty (20%) percent portion of the test fee as set forth in accordance with the Schedule
of Fees attached to as Exhibit “B”.

The remaining eighty (80%) percent of the test fee is paid to the Operator by the FTA pursuant to the terms of
49 CFR Part 665, as amended and regulations promulgated or to be promulgated thereunder. The FTA’s fee
subsidy is intended to reimburse the Operator for test procedures performed and applies only to the standard fee
schedule which includes the normal cost for testing, vehicle servicing, routine maintenance, and fuel.

It does not include any non-fee costs and expenses incurred during testing, and Manufacturer shall pay in
addition to the amount previously set forth any such costs and expense including but not limited to those
associated with non-routi maintenance or extraordinary repairs as provided in Parag >h 8 hereof.

All such non-fee costs and expenses due from the manufacturer shall be paid to the Operator prior to the
completion of the testing program and issuance of the test report.
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In the event that the testing program is terminated and the Bus is withdrawn from the facility by the
Manufacturer before the completion of the testing, Manufacturer may be entitled to a refund of a portion of the
fee amount paid by Manufacturer to Operator for testing procedures not completed as more fully set forth in
Exhibit “B”.

 MURATION OF TESTING

1he anticipated time for completing the testing will be within 53.5 days of when testing on the Bus
commences, subject to:

(i) Extension for a time equivalent to any period of mechanical breakdown of the Bus or other matter beyond
the control, such as delays in parts availability or technical decisions of Operator which shall cause a delay in
the performance of the testing.

(ii) Extension for a time equivalent to any period of delay. In the event of any delay, re=umption of testing shall
be scheduled by the Operator subject to the availability of the test facility and personn:  and the time for
completion of the testing shall be extended to accommodate such scheduling.

Operator shall provide reasonable notice to Manufacturer of any Operator-created delays which cause an
extension of the completion date. In the event of a delay of more than ten (10) days, Operator will send a
written notification that provides a new expected test completion date to Manufacturer ‘s Technical Service
Contact, as identified in Article 10.

6. TERMINATION OF TESTING »V M s ~TTMTR

Manufacturer shall have the right to terminate e test program at any time before completion of testing by
providing written notification to Operator, in which event Manufacturer shall be responsible for the fees of any
tests completed or portion of tests completed as of date of notification from Manufacturer as set forth in Exhibit
“B” hereof.

7. TERMINATION OF TESTING BY OPERATOR

Operator shall have the right to terminate the test program at any time for cause, by providing written
notification describing cause to Manufacturer, in which event Manufacturer shall be re onsible for the fees of
any test completed or portion of tests completed as of date of notification from Operaturas set forth in Exhibit
“B” hereof.

i

Cause shall include:
(i) A breach of any obligation of Manufacturer under the terms of this Contract.

(ii) Nonpayment of any fees, costs, or expenses.

(iii) Technical or mechanical problems which, in the judgment of Operator, make continuation of
testing unsafe.

(iv) The failure of Manufacturer to supply equipment, parts, or material necessary for repairs as required by this
Contract.

(v) Any other just cause.

8. MAINTENANCE AND REPAIRS
Operator shall perform all routine maintenance and ordinary repairs on the Bus consistent with the
Manufacturer’s specifications to be delivered to Operator in accordance with Paragraph 3 A hereof.
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Any non-routine maintenance and :traordinary repai required to be performed on the ” is shall be ¢ :at the
sole cost and expense of Manufacturer; provided, however, that any such non-routine maintenance or
extraordinary repairs required to be performed on a Bus which arise solely from Operator’s negligent
maintenance of a Bus shall be performed at the sole cost and expense of the Operator.

In the event of the necessity for non-routine maintenance or extraordinary repairs not of an emergency nature,
Operator shall provide Manufacturer reasonable notice thereof before commencing such maintenance or repairs.

Any non-routine maintenance or extraordinary repairs of an emergency nature may be performed by Operator
and notice thereof shall be given to Manufacturer as soon as practical thereafter.

Manufacturer shall pay Operator for all costs of labor and materials necessary to perform non-routine
maintenance and repair services for which Manufacturer is responsible.

Any maintenance or repair or change in operating parameters to be performed by the Manufacturer must be pre-
approved by Operator and conducted under the direct observation of the Operator.

All parts, equipment or supplies necessary for such repairs and maintenance shall be fumished without charge
to Operator by Manufacturer within twenty-four (24) hours after Operator’s notification to Manufacturer of the
need for such parts, equipment, or supplies.

9. OBSERVATION OF TESTING

Manufacturer will provide request to Operator that includes names of any Manufacturer
representatives that will be visiting and/or observing testing. Operator will provide approval or
denial to request prior to permitting any Manufacturer representatives access to facilities.
Manufacturer shall have the right to observe any and all testing, provided that nothing contained herein shall
allow Manufacturer to alter the scheduling of testing which scheduling shall be solely within the control of
Operator.

Manufacturer’s access to the Bus during testing for the purpose of data collection, repair or
maintenance is solely at the discretion of the Operator.

Operator shall provide space at the test facility which will be available to Manufacturer for on-site personnel to
observe testing.

Manufacturer representatives who do not comply with the requirements in Articles 8 and 9 may be barred from
the test site.

Manufacturer agrees to comply with all Operator policies and procedures relevant to extemal visitors and as
more fully described in Exhibit “C”.
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10. DESIGNATION OF TECHNICAL SERVICE CONTACT
Manufacturer hereby designates the following individual as the principal technical service contact

of Manufacturer with respect to the testing to be performed hereunder:

Name: Larry Hall

Title: Engineering Manager

Address; 2367 Century Drive

Goshen, IN. 46528

Phone: (800) 348-7440 Ext. 52252

Email: 1hall@forestriverinc.com

11. TEST REPORTS

Upon completion of testing, the Operator shall prepare a test report which shall state the results of the test(s)
performed on each Bus, and shall provide that test report to the Manufacturer not later than the forty-fifth (45%)
day following the completion of testing. The test report shall be available to the public on or after the sixtieth
(60™) day following the completion of testing unless:

(i) The Manufacturer provides written notification to the Operator within ten (10) days of receiving test report
from Operator indicating that the Bus has been withdrawn from the market and that nc uses have, or will be
delivered to an FTA funded recipient, in which event the test report will not be made available to the public; or

(i1) The Manufacturer provides written notification to the Operator within ten (10) days of receiving test report
from Operator indicating that the Bus has not been delivered to an FTA funded recipient, and further setting
forth the date upon which the Bus is scheduled to be delivered, in which event that date of delivery provided by
the Manufacturer will be the date when the test report is made available to the public.

12. INSURANCE
Manufacturer, and any of its Subcontractors, shall at its own expense, carry and maintain the following
insurance or self-insurance during the term of this Contract, in amounts not less than that specified for each

type.

The limits required for the Employers’ Liability, Automobile Liability and Commercial General Liability
coverages may be satisfied through primary insurance or any combination of primary and umbrella/excess
liability insurance as long as the umbrella/excess liability insurance follows the form of the primary coverage.

Failure to procure the following insurance or self-insurance shall not relieve the Manufacturer, and any
Subcontractor thereof, of any obligation or liability assumed under the Contract, nor of any obligation or
liability imposed by law. In no event shall the liability of the manufacturer be limited to the extent of any
insurance or self-insurance or the minimum limits required herein, or the Contract value. Any self-insured
retentions, deductibles, and exclusions in coverage in the insurance required shall be assumed by and at the sole
risk of the Manufacturer.

The Manufacturer or its insurers must provide thirty (30) days advanced written notice to the Operator of any
cancellation or material reduction in the required insurance or self-insurance programs below.
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Workers' ~ ympensation for statutory ob!" ~ itions imposed by workers' compe  tionand occu; 1o dise¢
lav

Employers' Liability insurance shall be provided with limits of not less than $500,000 for each subcategory of
coverage.

Automobile Liability insurance (Bodily Injury Liability and Property Damage Liability) for all owned, leased,
hired, non-owned vehicles with limits not less than $1,000,000 Combined Single Limit. Such insurance shall
also provide physical damage coverage on any vehlcle dellvered to the Operator for testing. Such physical
damage coverage shall include collision and comprehensive insurance in an amount not less than the actual cash
value of the vehicle.

Commercial General Liability insurance including coverage for bodily injury, property damage, and personal
injury for premises and operations, products and completed operations, and contractual liability arising from all
operations, written on an occurrence basis with limits not less than $1,000,000, and which must apply to
ongoing operations. “The Pennsylvania State University” must be named as an additional insured.

Insurance coverages must be written with an insurer rated not less than A- by A. M. Best.

An Insurance Certificate evidencing the above required insurance coverages, limits, and the Commercial
General Liabilitya* ****  linsv~ed p~~--*~*~n, must be provided to the Operator at the time of delivery
of this Contract anu iu any eveni, nut later tnan ten (10) days prior to the delivery of the vehicle. The
Certificate Holder must be as follows:

The Pennsylvania State University
c/o Risk Management Office
Rider Building — Suite 103
227 West Beaver Avenue
State College, PA 16801

13- "V'\I“"\IIFIC A ’I'"I\\T

Manuiacwuc: furthes aglCCb‘ to indemnify and hold Operator harmless from and against any and all claims and
demands for or in connection with any accident, injury or damage whatsoever caused to any person or property
arising, directly or indirectly, out of the testing, maintenance, repairs or operation of the Bus, and from and
against any and all costs and expenses, including reasonable attorney fees, incurred in connection with any such
claim, demand or proceeding brought thereon.

14. CHOICE OF LAWS
This Contract shall be governed by the laws of the United States of America and the Commonwealth of
Pennsylvania.

15. NOTICES

Any notices provided for in this Contract shall be effective upon receipt and shall be sent by electronic mail,
United States registered or certified mail (return receipt requested), or by any commonly recognized overnight
courier service which requires a receipt upon delivery, and shall be addressed as follows:

Operator: Director, Altoona Bus Research and Testing Center
The Pennsylvania State University

-de Thomas L mn

Pennsylvania I'ransportation Institute

201 Transportation Research Building
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University Park, Pennsylvania 16802Email:

Manufacturer; Larry Hall
Forest River Bus LLC.

2367 Goshen, IN. 46528

Ihall@forestriverinc.com

Email:

16. MISCELLANEOUS

This is the entire Contract between the parties with respect to the subject matter hereof. Any changes,
modifications or waivers of any terms shall not be effective unless in writing and signed by the parties. This
Agreement shall be binding on the parties, their respective heirs, successors, administrators, and assigns. The
section headings in this Contract are for reference only and shall not be considered for purposes of construing or
interpreting the Contract.

IN WITNESS WHEREOF, the parties have executed this Contract the day and year first above written.

Operator — The Pennsylvania State University

Name & Title: Penny L. Brewer, CRA
Associate Director, OSP

M

rry Hall Engineering Manager

N:
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Lnere are three pruvedures that comprise this test sequence.

Accessibility of Components and Subsystems: The objective of this test is to check the general accessibility
of components and subsystems. Items that are checked are ones that would typically require maintenance or
repair during transit service.

Servicing, Preventive Maintenance, and Repair Maintenance: The objective of this test is to collect data
about the servicing, preventive maintenance, and repair of the vehicle.

Replacement and/or Repair of Selected Subsystems: The objective of this test is to identify the time required
to replace and/or repair selected parts or subsystems.

Reliability
The objective of this test is to evaluate the reliability of the bus by documenting unscheduled breakdowns,
repairs, down time, and repair time that occur during testing.

Safety

Double Lane Change

The objective of this test is to determine handling and stability characteristics of the bus by measuring the
forward speed through a double lane change, obstacle avoidance course.

Brake Performance

The objective of this test is to demonstrate the ability of the parking brake to hold the bus on a 20 percent grade
and to measure the stopping distance required when the service brakes are activated at various speeds

Performance
. ae performance test includes the following:

Acceleration — Using a large-roll chassis dynamometer, the vehicle is accelerated and the speed verses time
data is recorded and plotted.

Gradeability — From the acceleration data, the gradeability is calculated at 5-mile-per-hour increments.
Top Speed — The top speed obtained on the dynamometer is recorded. It is noted whether the top speed is

power-limited or governed.

Structural Integrity & Durability
There are six procedures that comprise this testing sequence.

Distortion: The objective of this test is to observe the operation of various subsystems when the bus is placed
in a longitudinal twist (simulating operat  over ¢ inch curb or through a 6-in pothole) and sut  :ted to a
water spray mechanism simulating rain and traffic spray.

Static Tow: The objective of this test is to determine the strength characteristics of the bus towing fixtures
during static i ling conditions.
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Dynamic Tow: The objective of this test is to verify the integrity of the towing fixtures and determine the
feasibility of towing the bus using a heavy-duty wrecker and specified procedures.

Jacking: The objective of this test is to det  ine the damage caused by a deflated tire and to determine the
feasibility of jacking the bus with a portable hydraulic jack to a height sufficient to replace a deflated tire.

Hoisting: The objective of this test is to determine possible damage or deformation caused by the jack stands on
the jacking pads.

Durability: The objective of this test is to perform an accelerated durability test that approximates up to 25
percent of the service life of the vehicle.

Fuel/Energy Economy

Fuel Economy

The objective of this test is to provide accurate comparable fuel consumption data on transit buses produced by
different manufacturers. This test bears no relation to the calculations done by the Environmental Protection
Agency. The results of this test will not represent actual "in service" fuel economy but will provide comparative
data.

The test is performed using a large-roll chassis dynamometer.

Energy Economy (Battery Electric Buses)

The objective of this test is to provide accurate comparable energy consumption data on battery electric transit
buses produced by different manufacturers. This energy economy test bears no relation to the calculations done
by the Environmental Protection Agency (EPA) to determine levels for the Corporate Average Fuel Economy
(CAFE) Program. EPA's calculations are based on tests conducted under laboratory conditions intended to
simulate city and highway driving. This energy economy test, as designated here, is a measurement of the
energy consumed by a vehicle traveling a specified test operating profile, under specified operating conditions
that are typical of transit bus operation. The results of this test will not represent actual mileage, but will provide
data that can be used by FTA Grantees to compare buses tested using this procedure.

The test is performed using a large-roll chassis dynamometer.

Noise
There are two procedures that comprise this test sequence.

Interior Noise: The objective of these tests is to measure and record interior noise levels and check for audible
vibration under various operating conditions.

Exterior Noise: The objective of this test is to record exterior noise levels when a bus is operated under various
conditions.

Frinninag : . : . - .

1uc vuyoedve of this test is to provide accurate, comparable gas and particulate emissions data for transit buses
produced by different manufacturers while operating the vehicle over a simulated transit duty cycle on a
dynamometer. The test will be performed on a engine after the bus has accumulated several thousand miles of
operation, thus providing a more realistic indication of the level of emissions that can be expected in actual
transit service. The results of this test may be used by transit operators for making relative comparisons between
buses. The test is performed using a large-roll chassis dynamometer.
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Please Note: This is not the san  procedure that is used to meet the Environment Protection Agency  'A) for
igine certification.

For full descriptions of all above test procedures, please go to:

[y P LI I
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20157 Additional Speakers $ 35.00
2241 Passenger Door 42" $ 708.00
8133 Exterlor Passenger Door Key $ 111.00
8126 Rear Door No Window $ 441.00
8016 Rear Door (1) Window $ 551.00

an170 Roof Hatch $ 551.00

Driver Storage In Cab Overhead $ 163.00
Qverhead Luggage Racks (both slide) $ 865.00

20198 30" Interlor Luggage Rack $ 1,120.00

20199 36" Interior Luggage Rack $ 1,172.00

20200 48" Interior Luggage Rack $  1,218.00

20201 60" Interior Luggage Rack $ 1,305.00

20202 72" Interlor Luggage Rack $ 1,358.00

20203 Rear Luggage Area w/ rear door $ 1,195.00

Double W/C Doors wiwindows $ 1,450.00

2" Wider Double W/C Doors w/ windows $  1,839.00

Braun Centry Lift $  8115.00

vy Braun Vista Lift $ 8,538.00
20229 Braun Centry 10001b Lift $ 9,083.00
Intermotive Gateway Fast Idle with Interlock for Lift Chevy $ 046.00

_ |Intermotive Gateway Fast Idle with Interlock for Lift Ford E Series and Translt 3 708.00

Q Straint Standard Retractro Tie Down with L Track $ 824.00

8003 Q Straint DeLuxe Retractor Tle Down L Track $ 946.00
8689 Q Straint Max Retractor L Track b 998.00

20246 Q Straint Max Retractor Slide N Click B 1,323.00
8826 Q Stralnt QRT 360 Retractor Tle Down L Track 5 1,445.00
8827 Q Straint QRT 360 Retractor Tie Down Slide N Click B 1,659.00
2681 TDSS Under Seat Storage Slide N Cilck 5 285.00
2680 TDS Under Seat Storage L Track 5 145.00
ann Q Straint Belt Storage Pouch 5 87.00

Priority Seating Sign 3 18.00

o Q Stralnt Belt Cutter b 35,00

5lb Fire Extinguisher 5 87.00

8616 10Ib Fire Extinguisher 3 198.00

20260 Dual Spectrum Fire Suppresion System 3 5,621.00

annaA Amamran Elen Climimnan tan Clintmma H 4,211.00

_ - ! 76.00]

IR e $ 87.00

imerge - — 18 77

20264 Body Fluid KIt $ 70.00

20267 Back Up Alarm 97db $ 82.00

20276 Interior Convex Mirror $ 64.00
8802 White or Yellow Standee Line $ 35.00
2050 Celiing Grab Rall Street Side $ 151.00
2050 Celling Grab Rall Curb Side $ 151.00

99 Celling Grab Rall Both Sides $ 296.00

20297 Yellow Powder Coating of Grab Rails $ e







