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Database Structure and Terminology

NGV UPTime
. Vehicle Fields - Maintenance Fields -
 Database composed of two main data tables and a handful Unit_ID Unit_ID
H Fleet_ID RO _MNumber
of supporting reference tables. Vodal Year et 1D
. . . oo o Make Odometer
 Vehicle table - Contains all vehicle specific attributes Vodel R0_Open Date
. c . 9. 0 Purchase Date RO_Close_Date
* Maintenance table — contains individual VMRS code level TS Cost Category
data. Engine Year VMRS _Code
Engine Make Model VMRS System CK_31
e Some field definitions: E”E?”E—gim—tlp mg;—gmmb'?—f“fﬂ
ngine_Size | _Component CK .
e RO_Number: Identifier for individual repair orders; a repair Fuel_System_provider | RO_Description
= . . Exhaust_Aftertreatment RO_Duration days
order can have multiple VMRS codes attached to it. Application Cost
. . Typical Load lbs VMRS Work Accomplished CK 15
* RO _Open/Close_Date: Dates when vehicle came into/left Avg_Route_Speed_mph VMRS_Repair_CK_14
Avg Terrain Repair_Reason
the Shop' Deadhead Repair_Reason_Type
. Fuel Type Work Accomplished Description
* COSt—Category' Labor or Pa rts Operating_Regi VMRS _Failure Code CK_18
e VMRS _Code: full 9-digit code to identify the part that oL e dsseipion
needed service. Error_Flag_ID
Predicted Odometer

e Also broken down into System, Assembly, and
Component



VMRS Codes and Descriptions

 The 9-digit code identifies the specific

04 03 51
parts on the vehicles that required L|—, ‘—I—’ ‘_I_J

: CK 14: Repair Reason: CK 15: Work Accomplished:  CK 18: Failure Code:
maintenance. Driver’s Report Replace New Inoperative
 Code is hierarchical

 Supplementary codes provide additional CK 32: Vehicle Assembly:
. . . . Oil Pan & Screen Assembly
information on failure reason, repair
reason, and the type of work that was l_l_\
performed to correct the issues.

027-036-008

ST

CK 31: Vehicle System: CK 33: Vehicle Component:
Transmission - Automatic Filter Element - Transmission Oil



Dataset Profile Visuals
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* Fleet 1 has an outsized influence on the
demographics of the dataset due to their size.

* Fleet 1 also adopted a more aggressive
sustainability initiative and are phasing out their

diesel vehicles
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Overall Repair Frequency Visuals

Note: The visuals on the following slides are for all repair orders created
including parts/work common to both fuel types



Repair Orders per 10,000 Miles
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Distribution of Total Cost per Vehicle per 10000 miles by Fuel Type
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Average Miles Between Repair Orders per Vehicle by Model Year and Fuel Type
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Cumulative Maintenance Cost

Cumulative Maintenance Cost by Fleet and Odometer Range
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Component Level Repair Frequency and Cost Visuals

Note: The visuals below only include vehicle systems that could be impacted by fuel type
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Count of Repair Orders per vehicle by VMRS System Description (CK 31)
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Average Expenditures per Active Vehicle by VMRS System Description (CK 31)
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Powerplant
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NG - Power Plant: Count of Repair Orders per Vehicle

NG: Electronic Engine Controls - 14.072 NG: Electronic Control Module (ECM) - Electronic Engine Control - 13.149

NG: Sensor - Oxygen, Exhaust - 0.664 =
r=Manifold-Pressure, ECM—0:177—

NG = 4111 NG: Filter Assembly - Oil - 9.109 NG Sensor -
NG: Sensor - Engine Position/~ Tll'l"llng*-*O 083 —

NG: Cylinder Head - 5.52
: Oil Pan - 5.003

: Cylinder Block & Crankcase - 3.883

: Oil Filler & Level Indicator - 1.891

: Regulator - Qil Temperature - 0.601

: Ventilating System - 0.325

: Camshaft - Accessory Drive & Valve Mechanism - 0.29
: Front Covers - 0.242

: Crankshaft - Harmonic Balancer - 0.07

: Crankshaft - 0.067

: Flywheel - 0.038

¢ Qil Pump & Distribution System 0.003

: Overhaul Kit - Engine - 01

: Connecting Rod, Piston & Rlngs Assembly - 0.001
: Engine Assemblyr 0.001

DSL - Power Plant: Count of Repair Orders per Vehicle

DSL: Electronic Control:Module (ECM) - = 9,34

DSL: Filter Assembly - Qil - 14.268

DSL: Sensor.-.Oxygen;-Exhaust-—-0:753 ==
DSL: Power Plant.- 31.098 DSLT Sensor - Manifold- Pressure, ECM---0:121—

DSL’SE[EE;Englne Position /- Tlmlng—@ .065—
Engine =

DSL: Oil Pan - 2.82

: Cylinder Block & Crankcase - 1.267

: Oil Filler & Level Indicator - 1.257

: Ventilating System - 0.413

: Camshaft - Accessory Drive & Valve Mechanism - 0.307
: Regulator - Oil Temgerature -0.144

: Cylinder Head - 0.126

: Flywheel - 0.126

: Front Covers - 0.065

: Oil Pump & Distribution System - 0.018

: Crankshaft - Harmonlc Balancer - 0.004

: Crankshaft - 0.003

: Connecting Rod Piston & Rings Assembly - 0.001
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Powerplant: Electronic Control Module (ECM) - Electronic Engine Control
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Powerplant: Cylinder Head
5 Period Moving Average of ROs per Active Vehicle by Odometer Range and Fuel Type
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NG - Power Plant: Maintenance Expenditures per Vehicle

ING: Cylinder Head - 3461.105 NG: Electronic Control.Module (ECM) - Electronic Engine Control - 2678.438.

NG:-None---144.496—

. _ . . NG: Sensor --Oxygen, Exhaust - 107.811—
NG: PowerPlant = 11310.683 .NG: Electronic Engine Controls - 3008.819 fNG:-Sensor—-fManifoId\{gressurerEGMf-764:98—1—

— NG: Sensor - Engine Position / Timing - 13:092—

: Cylinder Block & Crankcase - 1882.37

: Oil Pan - 869.93

: None - 468,292

: Crankshaft - 366.337

. Filter Assembly - Qil - 261.715

: Oil Filler & Level Indicator - 151.956

: Front Covers - 146.112

: Regulator - Oil Temperature - 142.974

: Engine Assembly - 137.616

: Flywheel - 111.174

: Overhaul Kit - Engine - 67.109

: Camshaft - Accessory Drive & Valve Mechanism - 59.962
: Ventilating System - 56.385

: Power Plant - 45.709

: Retarder - Engine, Valve Cycle Modification Type - 34.456
: Crankshaft - Harmonic Balancer - 23.089

: Connecting Rod, Piston & Rings Assembly - 7.653

: Retarder - Vehlcle Flywheel Type - 4.498

. Oil Pump & Distribution System - 3.372

. Auxiliary Reservoir - Qil - 0.049

DSL - Power Plant: Maintenance Expenditures per Vehicle

IDSL: Electronic Engine Controls - 1723.765 DSL: Electronic Control Module (ECM) - Electronic Engine Control - 1543.834.

DL P T e — —_— T,—?_——F:f;j;:jjf——f_‘i_i DSL Sensor—= Oxygen Exhaust --112:264 ==
lDSL: Filter Assembly - Qil - 1092.282 o —_— ————DSL:-None—28:144—

——DSL: Sensor - - Engine Position /- Timing—23:521—

EEDSL: Oil Pan - 441.367 DSL: Sensor - Manifold Pressure, ECM—--16.002—

Bl DSL: Cylinder Block & Crankcase - 397.648

N == DSL: None - 198.853
N mm DSL: Camshaft - Accessory Drive & Valve Mechanism - 179.033
N == DSL: Cylinder Head - 119.714
N =DSL: Engine Assembly - 88.598
N —DSL: Ventilating System - 78.75
NS —DSL: Oil Filler & Level Indicator - 68.905
N —DSL: Flywheel - 51.449
S~ — DSL: Front Covers - 40.839
———————DSL: Regulator - Oil Temperature 27.924
—DSL: Power Plant - 14.80
—DSL: Crankshaft - 6.574
—DSL: Oil Pump & Distribution System - 4.831
— DSL: Crankshaft - Harmonic Balancer - 0.765
—DSL: Retarder - Engine, Valve Cycle Modification Tyge 0.073
—DSL: Connecting Rod, Piston & Rings Assembly -



Cooling System
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NG - Cooling System: Count of Repair Orders per Vehicle

NG: Insulator - Core Support To Frame - 3.378

bR (el = A0 NG: Tank - Surge - 2.652

NG: Cooling System - 17.321 p—
2 — = NG: Core & Tank Assembly'- Radiator - 1.557 0

: Fan - Engine Cooling - 2.6 — |G Pipe’="Qutlet="1.379mm
— NG: FiIIer CE'ﬁ'AssemblymRadiater-=-0-702—

: Water Pump - 1.415
: Coolant Filter - 1.365

: Thermostat - Engine Cooling System - 0.834
: Shutters - 0.167

: Coolant Pre-Heater (In Block) - External Electric Power Supply - 0.108
: Water Manifold - 0.033

NG: y .00:
NG: Support Bracket - Core Frame - 0.001—

DSL - Cooling System: Count of Repair Orders per Vehicle

DSL: Insulator - Core Support To Frame - 0.788

oot O DSL:Tank = Surger=0.481 M

—— DSL: Core & Tank Assembly = Radiator=0:403mm
DSL: Coolant Filter - 1.646 : DSl Pipe=Qutlet=0:27 ==
— DSL Flller CE'ﬁ'AssemblymRadlatmh@-ZGdl-

System -.6.424

DSL: Fan - Engine Cooling - 1.582 ~ DSL: Radlator --0 051—
ap - Surge Tank - 0.049—

ube - Overflow—0:039—

DSL: Water Pump - 0.337

. _ Enai i - = BSL‘SupBéT't Radiator-Core - 0.02—
DSL: Thermostat - Engine Cooling System - 0.084 Shroud Assembly - | or Fan - 0.016 —

DSL: Water Manifold - 0.081 i smission - 0.013—
DSL: Coolant Pre- Heater (In Block) - External Electric Power Supply - 0.063 e Drai I’ov:ler - 0.008—
DSL: Shutters - 0.0 : Radiator - 0.004 —

DSL: Cor .004
DSL Drain Plug - Radiator - 0.001—
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Cooling System: Insulator - Core Support To Frame
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Cooling System: Insulator - Core Support To Frame
5 Period Moving Average of ROs per Active Vehicle by Odometer Range and Fuel Type

0.2938 - -840
—— NG: ROs per vehicle NG: vehicle count
———_ DSL: ROs per vehicle DSL: vehicle count
0.2204 - -630
S 3
© 3
= ©
g A g
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Q o
Q- et
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i S
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Cooling System: Core & Tank Assembly - Radiator
Total Cost per Vehicle
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Fuel System
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NG: Fuel System - 8.593
I e —

DSL: Fuel Sy

System - 1.702

NG - Fuel System: Count of Repair Orders per Vehicle

5: Tank - Fuel, Gaseous - 5.131

NG: Tank - Fuel, Liquid -3.462

DSL - Fuel System: Count of Repair Orders per Vehicle

DSL: Tank - Fuel, Liquid - 1.684

PSl+-Tank—Fuel,-G

NG: Filler Neck - Fuel Tank, Gaseous - 4.915

NG: Tank - Fuel - 0.935

NG: Cap - Fuel Tank - 0.771
G: Contro IWSI«VEM!HEEWS.VIELTJ'EIEOMSQ-
NG: Fitting = Fuel Line'= 0:42m
NG:"None'='0:323 ==
\NG:"Line"="Fuel=:0:314mm
NG:"None="0:216==
NG: Pipe - Fuel Tank Filler--0.097 ==
NG: Hose = Flexible - 0.061—
NG: StTFuel ‘Tank --0.058—

NG: Ste , Fuel"Tank—0:029—
NG: Extension - IIer Ptpe, Fuel Tank - 0.001—

DSL: Tank - Fuel - 0.574

Cap - Fuel Tank - 0.27
DSL: Fitting - Fuel Line - 0.245
DSL: Line - Fuel - 0.242

DSL: None - 0.206

D Strap - Fuel Tank =/0:062mm
DSL: Control Valve - Three-Way'Fuel=:0:057mm
Dslﬂ!gm'éﬂ’ab‘i’uel “Tank—-0.017—

DSL: Wiring Harness ywer Distribution, Leak Detection-0.012—
e e _ DSL: Hose - Flexible - 0.01—

DSL: Filler Neck - Fuel Tank, Gaseous—--0:005—
"~ DSL: None - 0.001—
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Repair Reason Work Accomplished Description

Fuel System: Filler Neck - Fuel Tank, Gaseous

Failure Description
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Exhaust System
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NG - Exhaust System: Count of Repair Orders for top VMRS Assembly Codes

NG: Catalytic Converter = Emission Controls'=0.908 [l
NG: Emission 5=3iL

NG:None'=/0:669m
NG: Exhaust System.-.8.008 T ——— Gi'Gasket'='EGR"Valver=0:622mm

NG: Turbocharger Assembly - 1.747 —— - )
? v : Valve -'EGR"(Mixer'Valve)=:0:515mm

NG: Muffler Assembly - 1.555 — S NG: Adapter="EGR'Valve=0:344==
. ~NG: Heat Shield="Converter—0:039—

NG: Pressure Relief Valve -Air InJectlon Reactor Pump - 0.001—
NG: Pump - Air Injection Reactor - 0.001—

: Exhaust Manifold - 1.293

: None - 0.128

: Exhaust Brake - 0.1

: Exhaust After-Treatment Devices - 0.07

NG: Selective Catalytic Reduction System (SCR) - 0.01
~—NG: Exhaust System - 0.005

DSL - Exhaust System: Count of Repair Orders for top VMRS Assembly Codes

DSL: Catalytic Converter - Emission Controls - 8.719.

DSL: Emission Controls
haust System - 16.157

o - = DSL:*Valve="EGR*(MixerValve)=0.:88 1 ==

: Muffler Assembly - 3.818 DSl:“None-=0:613

< \DSL Pressure Relief Valve - Air Injection Reactor-Pump-=0:504 w==
: Turbocharger Assembly - 0.451 o e DSL: Gasket = EGR Valve - 0.16—
: None - 0.308 hield - Converter - 0.142—
: Exhaust Manifold - 0.256 D= m apter =" EGRValve--0:064—
: Exhaust Brake - 0.077 DSL Pump - Air Injection Reactor - 0.002—
: Exhaust After-Treatment Devices - 0.076
: Selective Catalytic Reduction System (SCR) - 0.052
: Exhaust System - 0.033
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NG - Exhaust System: Count of Repair Orders for top VMRS Assembly Codes

NG: Catalytic Converter = Emission Controls'=0.908 [l
NG: Emission 5=3iL

NG:None'=/0:669m
NG: Exhaust System.-.8.008 T ——— Gi'Gasket'='EGR"Valver=0:622mm

NG: Turbocharger Assembly - 1.747 —— - )
? v : Valve -'EGR"(Mixer'Valve)=:0:515mm

NG: Muffler Assembly - 1.555 — S NG: Adapter="EGR'Valve=0:344==
. ~NG: Heat Shield="Converter—0:039—

NG: Pressure Relief Valve -Air InJectlon Reactor Pump - 0.001—
NG: Pump - Air Injection Reactor - 0.001—

: Exhaust Manifold - 1.293

: None - 0.128

: Exhaust Brake - 0.1

: Exhaust After-Treatment Devices - 0.07

NG: Selective Catalytic Reduction System (SCR) - 0.01
~—NG: Exhaust System - 0.005

DSL - Exhaust System: Count of Repair Orders for top VMRS Assembly Codes

DSL: Catalytic Converter - Emission Controls - 8.719.

DSL: Emission Controls
haust System - 16.157

o - = DSL:*Valve="EGR*(MixerValve)=0.:88 1 ==

: Muffler Assembly - 3.818 DSl:“None-=0:613

< \DSL Pressure Relief Valve - Air Injection Reactor-Pump-=0:504 w==
: Turbocharger Assembly - 0.451 o e DSL: Gasket = EGR Valve - 0.16—
: None - 0.308 hield - Converter - 0.142—
: Exhaust Manifold - 0.256 D= m apter =" EGRValve--0:064—
: Exhaust Brake - 0.077 DSL Pump - Air Injection Reactor - 0.002—
: Exhaust After-Treatment Devices - 0.076
: Selective Catalytic Reduction System (SCR) - 0.052
: Exhaust System - 0.033
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Work Accomplished Description

Exhaust System: Turbocharger
Repair Reason
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NG - Exhaust System: Maintenance Expenditures per Vehicle

NG: Catalytic Converter - Emission Controls - 552.928

Controls - 1520.137 : =
NG: Adapter - EGR Valve - 437.683

— . = NG: None - 257.515
NG: Valve - EGR (Mixer Valve) - 207.893 1
NG: Gasket - EGR*Valve - 60.302 ==
hield = Converter - 3.291—

NG:
NG: Pressure Relief Valve - Air Injection Reactor Pump - 0.385—
NG: Pump - Air Injection Reactor - 0.14—

NG: Exhaust System - 3702.708

: Turbocharger Assembly - 1389.457

: Exhaust Manifold - 573,225

: Muffler Assembly - 193.335
: Exhaust Brake - 26.554

DSL - Exhaust System: Maintenance Expenditures per Vehicle

DSL: Catalytic Converter - Emission Controls - 2791.099.
DSL: Exhaust System - 4636.111

DSL: Valve - EGR (Mixer Valve) - 394.264
o o DSL:"None'=218.18 1

DSL: Muffler Assembly - 608.14 DSL:-Pressure Relief Valve - Air Injection Reactor Pump =197.566 88
DSL: Gasket - EGR Valve - 44,147 =
DSL: Turbocharger Assembly - 295.654 DSL: Hea Shield = Converter - 23.751 —

. ; _ dapter = EGR Valve-7.045—
gg:: E:Hgﬂ:g Q%Tgoldzzl‘?s'gls DSL: Pump AI—fIJ"I]eCtIOI’l Reactor - 0.098—
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Total Cost per Vehicle

10000

Exhaust System: Turbocharger

DSL: 102 vehicles

Count of ROs per Vehicle

NG: 285 vehicles

s Siuttee,

o0 ecccsssee "..“‘_.0:.0.0_'..0'0%.2 :‘.'o’oo!ooo-o:_

NG
Fuel Type
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