TS 1033190 - Vibration Analysis Training

Vibration Analysis Training - Updated 8/2018

Click on the PowerPoint file in the attachments section of this document to view the training file.

Note: This updated Vibration Analysis includes Smart Phone and other mobile devices.
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Course Intent

» This course is designed to educate DSM’s, technicians, and anyone else

wanting to understand the fundamentals of vehicle vibrations regardless
of the Vibration Analyzer used.

» You will be taught how to collect vibration data, rapidly identify the source
of the vibration, validate the complaint and more importantly know what

IS not causing the problem reducing the warranty costs and promoting
Uptime.

» You will be provided the component tests and troubleshooting sequence
for a specific vibrations classification and order.
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Agenda

» Noise, Vibration, & Harshness

» Vibration Characteristics

» Fatigue Due To Vibration

» Drivers Experience

» Drivers Interview

» Primary Sources & Classifications

» Evaluation tools

» EVA/Smart Phone/IPad Set Up, Calibration, & Test Drive
» Vibration Source Diagnostics (Wheel end, Driveline, Engine)
» Service Related Bulletins

» Data Analysis Review
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Difference Between Noise, Vibration, & Harshness

» Noise - sound heard but not necessarily felt. Noise can be caused by a
vibration. Examples would be a rattling shifter which may be caused by
improper driveline angles but the result is shifter rattle.

» Vibration - repeated movement felt by the driver at the Steering wheel,
floor, or seat. Vibration can be measured with an accelerometer and the
potential source revealed.

» Harshness - a distinct jolt felt by the driver from an input on the road or
terrain. It often feels like the suspension is not doing it job. It may be
caused by improper ride heights, or worn out components such as
suspension components or mounts.
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Vibration Basics
All automotive vibrations have 3 basic components

Source - Most of the time it is a rotating component

Sources
(wheel end, driveline, or engine) component out-of-round
or out-of-balance. Engines have vibrations that are a natural
part of an engine running. Transfer paths must be checked first.
Transfer Path - is anything that is connected to, or touches o

the vibration source. It can be suspension system components,
mounts, exhaust system, running boards etc.

Receiver - is the part in or around the cab (occupants compartment)
that the driver sees, feels or hears is vibrating. It can be the floor,

seat, steering wheel, sun visor, dash mirrors, shifter etc. _
Receiver
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Vibration & Measuring Device/Accelerometer

» A vibration is a repetitive motion back and forth relative to a fixed central
position.

» All truck vibration issues will be due to engine, driveline, or tire orders.
» Vibrations are measured by an electromechanical device called an
accelerometer which measures change in velocity or the force of

acceleration caused by gravity or movement over time.

» Accelerometers for vehicle testing are typically a Piezo-Electric or MEMS
type
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Piezo-Electric Accelerometer

ICF Amplifier
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» Piezo-Electric are crystal based (man made or natural)

» The basic principle of operation behind a Piezo-Electric accelerometer crystals
produce a charge when they are compressed, flexed or subjected to shear force. The
charge output is converted by electronics.
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MEMS Accelerometer
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» MEMS = Micro-Electro-Mechanical Sensors
» The basic principle of operation behind the MEMS accelerometer is the displacement of a

small proof mass etched into the silicon surface of the integrated circuit and suspended by
small beams.

» Found in Smart Phones can measure all 3 axis as well as pitch, roll and yaw.
» MEMS accelerometer are not affected by temperature and more accurate than a Piezo type
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Vibration Characteristics

> Vibration Characteristics:

1. Frequency is the number of repetitive motions that can be heard or felt
in a given time, usually in 1 second. The measurement
of cycles occurring in one second is called Hertz (Hz).

» Frequency of rotating components can be determine and calculated by Mathematics.

Tire example 514 TRPM x 70 mph = 10 Hz
Natural Hz 60 seconds x 60 minutes

Rear axle ratio X Tire Natural Hz Driveshaft Natural Hz

3.0/ X 10Hz = 30.7 Hz @ 70mph
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Vibration Characteristics

2. Amplitude is the strength level or severity of the disturbance of the
vibration. It is defined as the distance from the center of the motion
to either extreme. The measurement is in G’s.

-4

G’s

Amplitude

A 4

Time = Hz

>
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Vibration Characteristics

3. Resonance - natural frequency of a component or combination of
components (assembly). Resonance amplifies the vibration. When a
component is near it’s natural frequency it will vibrate at the slightest

force. Vehicle applications are designed so that they don’t occur during
highway cruising speeds.
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Human Body Sensitivity to Vibration

» Whole body vibration can cause operator fatigue.
» ISO 2631 indicates highest susceptibility is between 4 Hz and 8 Hz.
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ISO 2631 Exposure Guideline
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Drivers Experience to Vibration

» Drivers experience vibration in three ways:
1. What the driver feels:
a. shaking steering wheel
b. shaking seat
c. shaking floor

Note: if the vibration is felt in the steering wheel the source is coming from
the front of the vehicle. If the vibration in felt in the floor or seat the
source is coming from the rear of the vehicle.
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Driver Experience to Vibration

2. What the driver sees:
a. rattling or shaking gear shift lever
b. shaking mirrors
c. water or fluid in bottle of cup holder

3. What the driver hears:
a. rattling dash
b. loose change rattling in cup holder
c. rattling shifter
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Categories of Vibrations

»Vehicle Speed Related Vibrations: A vehicle speed related vibration will
usually always occur at the vehicle same speed regardless of the engine
RPM. This type of vibration cannot be detected with the vehicle stopped.

»Engine Speed Related Vibrations: An engine speed related vibration will
usually always occur at the same engine RPM speed regardless of the
vehicle speed. This type of vibration can usually detected with the vehicle
stopped, although sometimes it may only show up under a load.
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Drivers Interview

» In order to evaluate the drivers complaint, critical questions need to be
ask:

1. When did the vibration first occur?
a. after a component change
b. since new
c. check warranty repair history

2. When is the vibration felt, seen, or heard?
a. certain speed
b. certain rpm
c. certain road surfaces
d. does the vibration disappear when the clutch is engaged?
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Vibration Questionnaire

VIN # Mileage
Customer Name

What mileage was the vibration first noticed?
Where any repairs made prior to noticing the vibration? Yes ___ No
Where is the vibration felt?

Steering Wheel

Seat

Floor

Other explain
What speed range is the vibration in MPH?
What RPM range is the vibration felt?
Does this condition happen in: Bobtail With Trailer Both ___
What type of road surface is the driver experiencing the problem?

Asphalt

Concrete

Dirt

Does the vibration disappear when the clutch pedal is depressed?

Is there any visual evidence of leaky transmission output seals? Yes No
Is there any visual evidence of leaky differential? Yes No

Has driver altered the cab or suspension height adjustments? Yes No
Has this vehicle been to any other shops for this condition? Yes No
Visually inspect tires. Check the item(s) that the tires display.

Under inflation

Dry Rot

Gouges in tire side wall

Wheel damage

Chunks Missing out of tread

Flat spotted tires

Unusual tire wear patterns
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Vibration Orders & Classifications

» Vibrations are classified into orders. Orders are periods which the
vibrations occur in relationship per revolution of a component. They are
classified as 1st 2nd 3rd 4t and so on.

>  1storder vibrations creates one shake per component revolution.
>  1storder vibrations will always be excessive run out or an out of
balance condition.

As the flat spot rotates
and contacts the ground
it will create a shake

» 2" order vibration creates two shakes per component revolution.
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Source of Vibrations by Classifications of Orders

> Tire/Wheel orders 1st, 2", & 3rd
causes: Wheels, hubs, drums, rotors and tire assemblies
> Driveline or Propeller shaft 15t order
causes: Drive shaft, park brake drums, yokes & phasing
> Driveline or Propeller shaft 2" order
causes: U-joints, phasing, working angles, dynamic bearing load
> Engine orders
causes: Engine mounts, exhaust, crankshaft, dampers, etc.
> The trend of conditions is over a 15 year period
Tire/Wheel End (90%)
Driveline/Drive train (8%)
Engine/Exhaust (2%)
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Vibration Analysis & Confirmation

» Before Test Driving vehicle make sure the tires are inflated to the proper
specification

» Make sure suspension and cab air ride height are set correctly.

» Inspect the driveline to make sure vehicle is safe to drive.

» Test drive the vehicle using a reputable Vibration Analyzer to
validate & identify the source and classify the order of the vibration.

» Sometimes preparing the vehicle fixes the problem
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Evaluation Tools

» Vibration Analyzer tools will minimize troubleshooting time.

» |If using a tool such a the Kent Moore EVA (J-38792-A) Vibration Software
()-38792-VS) will also be needed to locate and identify the primary
source of vibration.

» Always make sure the most current operating software is used
Kent Moore EVA is Version 3.0 memory cartridge Kent-Moore
part # J-38792-60.

» Other Vibration analyzing tools are the MTS 4100, Eaton DVA MD-300,
or Smart Phone such as IPhone with appropriate vibration software app.
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Vibration Evaluation Tools

Sirometer Resonant Reed Tachometer

mastertech

MTS 4100 Eaton DVA MD-300

Kent Moore EVA2

Picoscope NVH Kits

Daimler AG
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Smart Phone for Vibration Diagnosis

Vibration Evaluation Tools

Side Glass Suction Cup Mounting Example. Move to any window in the vehicle to detect or isolate the vibration. WARNING: Do not block the driver's view of

the road or of the rear view mirrors.

= Phone with NVH App can be used to locate the Vibration order
= Set Up and Use will be covered later in this presentation

24
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Vibration Evaluation Tools

Tool

Advantage

Disadvantage

Sirometer

In expensive, easy to use

Limited usage, doesn’t register g’s, no accelerometer

Resonant Reed
Tachometer

Easy to use

Expensive, hard to find, limited usage

Kent-Moore EVA2

Easy to use, can adjust
sensitivity and average over a
period of time

No longer sold, single axis accelerometer, rounds up the
g’s, doesn’t indicate source need separate software,
requires separate RPM monitoring

MTS-4100

Indicates source

Expensive, single axis accelerometer, doesn’t support all
data links.

Eaton DVA MD-300

Nice Graphics, Also displays
torsionals

Expensive, long time to set up, doesn’t work with non J1939
Vehicles, doesn’t indicate source need separate software

Pico Oscilloscope

Nice Graphics, indicates source

Takes 4 separate pieces to work, Laptop, RPM from
datalink, Scope, and NVH Interface

NVH Smart Phone App

Most accurate accelerometer,
Tri-axis mems accelerometer,
very portable, indicates source,
can adjust sensitivity

Can not easily mount to specific test points around the
vehicle. Issue should be resolved when blue tooth
accelerometer is available. Mem accelerometers are very
sensitive compared to piezo electric types

Daimler AG
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Vibration Worksheet

» Troubleshooting using the EVA

Prepare the vehicle
Prepare worksheet/Accelerometer Data Collection form
Prepare EVA tool
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Accelerometer Data Collection Form

Customer B Hunt Date 8/15/14
VIN# N92199 Engine
Model Mileage

Complaint Vibration felt in driver seat 55 - 70 mph
Vehicle Complaint Start Speed or RPM 55 mph
Vehicle Complaint End Speed or RPM 70 mph

Speed RPM’S HZ G’s Sensor Location
55 1200 8 .07 seat base
60 1500 10 10 seat base
65 1800 12 10 seat base
70 2100 14 10 seat base

Rear Axle Ratio 3.42 Transmission Top Gear ratio .73
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Kent Moore EVA: Setup/Calibration

» Connect Tool to power source with vehicle not running.

» Calibrate accelerometer/s

» Select Channel to which accelerometer is attached (A or B).

> Place tool in normal mode.

> Place accelerometer on flat surface (seat base) with the word “UP”
facing upwards.

Push % or # 1 to initiate then 2-2-2 (follow instructions on screen)

f using 2 accelerometers repeat procedure on second accelerometer.
Put EVA into Average mode.

Put into Hz mode.

YV V V V
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Kent Moore EVA Tool Buttons & Functions

» The Kent Moore EVA has specific buttons and functions you will need to
become familiar with.
- Averaging Mode
- Freeze

-A&B
- Strobe (when used with accessory)

Daimler AG Title of presentation / Department / Date 29



Accelerometer Placement & Test Ride

>
>
>

vV Y Y VYVY

Always start Analyzer measurement at driver seat base

Frame data has no pertinence to complaint validation process.
Accelerometer can moved to other areas and can be secured by the
magnetic base to ferrous components, and velcro, or putty to non ferrous
components. It needs to be on a hard surface.

Conduct road test using EVA and Accelerometer Data Collection Form
Record findings from EVA tool onto Data Form

Validate the source and classify the vibration by test driving the vehicle
with the driver if possible.

Have the driver operate the vehicle at the speed the vibration is most
noticed.

Operate Flat surface, steady speed, not up or down hill, cruise control
with tool in average mode for several minutes if possible

On MTS4100 or Phone App review findings to locate source and validate
severity
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Evaluation Test Ride

» Do not make comments regarding the alleged vibration. Let the tool
indicate whether there is an issue or not.

» |t is important to confirm valid complaints, however, validating a
customer concern or observation may be admitting to a problem when
one does not exist. Certain vehicle configurations have different ride
characteristics. Make sure your not trying to fix a good vehicle.
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Vibration Guidelines/Standards

> All vehicles vibrate to a certain level

» Amplitudes of 0.06G’s in the occupants compartments such as the cab
or sleeping area are commonly acceptable to drivers and passengers.

» Amplitudes higher than the baseline chart in the cab or sleeping area
need to be addressed
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ISO Baseline Chart
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ISO Baseline Chart
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Tool Analysis

» If readings are higher than the ISO baseline chart use Vibrate 5.1
software or let tool locate the source.

» Depending on the Vibration Analyzer or software used, you will
need to set it up some of the following information will be

necessary:

- Rear Axle Ratio

- Transmission Gear Ratios (usually top gear)
- Number of Engine Cylinders

- Average mode and length of averaging

- Amplitude Sensitivity
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Vibrate 5.1 Software
» Vibrate 5.1 Kent-Moore Part # ) 38792-VS is a computer software program used in support of

Vibration Analyzers to help determine the source of a vibration concern. www.vibratesoftware.com.

> Give Demo on How to use 5.1 Software
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iPhone App Electronic Vibration Analyzer

» Search for “Vibration Diagnosis” on iPhone and download app.

» All you need is iPhone app for vehicle diagnosis

» Bluetooth accelerometer is due out the summer of 2018 for advanced
remote diagnosis

> For engine diagnosis there is a blue tooth datalink adapter that plugs into
the diagnostic connector to obtain accurate RPM critical for diagnosing
engine related issues.

7
o7
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Smart Phone or IPad Set Up
NVH App Diagnostic Procedure

Preparing for a Road Test

IMPORTANT: When Road Testing a vehicle the following precautions should be taken:

1. Determine if your vehicle may require the optional Bluetooth data link adapter to diagnose engine speed related vibrations by reading the Tools
Needed information.
2. Visually inspect the vehicle to make sure it is safe to drive.
1. Look at the tires, make sure they do not have any visible bulges and have adequate tread.
2. Make sure your tires are inflated to the correct air pressure (see the tire label on the door post with the driver's door open for the
recommended tire air pressures). Low tire pressures can cause vehicle vibrations due to excessive tire sidewall flexing.
3. Road Test the vehicle on a smooth level road.
4. A steady throttle must be held to obtain accurate readings on vehicles equipped with an automatic transmission. This will keep torque converter
clutch slippage to a minimum. Use Cruise Control if possible.
5. Never place the iPhone or iPad* in a location that blocks the driver’s view of the road or of the rear view mirrors. Always educate yourself of state
and local laws and regulations regarding windshield and front seat side glass mounted devices.

6. Educate yourself with the basics of vehicle vibrations and terminology by studying the Vibration Diagnosis School page.
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Smart Phone or IPad Set Up Continued

One Time Initial NVH App Setup

1. If using the optional Bluetooth data link adapter, plug it in to the data link connector under the instrument panel on the driver’s side. Then enable
Bluetooth Data Link in the Settings Screen.

2. ltis recommended that you close all other open applications by double pressing your home button and swiping upwards on the screen on all open

apps.
3. Receiving or placing a phone call and many other app alerts may interrupt the data recording. If an interruption occurs, a prompt to continue

recording will be displayed; just select continue to keep recording. On apps with Notifications enabled, if you change your iPhone or iPad* app alert
styles to banners (or None) instead of Alerts, notifications will not interrupt your recording. Select Settings, then Notifications, then scroll down the list of
your apps. Look for any that have the word “Alert” in the notification style. Select the app and change the alert style to banner (see screen shot below).

4. A power adapter is recommended to help maintain the iPhone or iPad* battery level while using this app since the screen Auto-lock feature is
disabled by default. This setting can be adjusted in the Settings Screen.

5. Start the NVH app and select Pick your Vehicle from the main menu and follow the prompts at the top of the screen.

6. If your vehicle is not in the list of supported vehicles, select Unlisted Vehicle and follow the prompts at the top of the screen.

7. Find an assistant to drive the vehicle while you perform diagnostics with your iPhone or iPad* from a front or rear passenger seat position.

8. Place your iPhone or iPad* on a solid surface like the dashboard, floor, or center console. Alternately you can place it in a windshield or side glass
suction cup attachment. NOTE: It may be necessary to move the iPhone or iPad* to other locations inside the vehicle to obtain good diagnostic
readings. For example, If you can feel a vibration, but the NVH app is not displaying any diagnostic results, move the iPhone or iPad* to another location

closer to where you can feel the vibration.
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Set Up for NVH IPhone App

eeeee \erizon LTE 10:45 PM 7 % 99% ) 4

< WARNING! NVH Recordings
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Settings allow the following:

- Connect Blue Tooth Data Link

- Vibration Variance (Hz)

- Number of Orders up to 6

- Amplitude Averaging up to 30 sec.

- Amplitude Sensitivity up to 0.0001

- Vibration Frequency Hz or CPM

- Vehicle Speed MPH Or KPH

- Tire Diameter inches or mm

- Good Staring point for Amplitude
Averaging is 10 sec and Amplitude
sensitivity threshold 0.01.

Road Test
Using App
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Smart Phone or IPad Set Up Continued
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Vibration Orientation for Live Data Screen
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Example VIN: GF1913

eeeee \erizon LTE 10:45 PM v %} 99% [ 4

< WARNING! NVH Recordings
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: Pick Your Unlisted
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/

Tools
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eeeee \erizon LTE 10:51 PM 7 % 99% 4

Choose Manufacturer

< NVH Manufacturer

Recents/Favorites

é Class 4 - 8 Truck (MD/HD)

Not Listed?
Acura

Audi

BMW

Buick
Cadillac
Chevrolet
Chrysler

Dodge

-
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Use (Uptime Pro Mobile) App to find gear ratio and transmission type.

r

€ Vehicle Info.  Detail Spec

VIN: 3AKJGLD57FSGF1913

73 @ FRONT AXLE, SUSPENSION & EQUIPMENT
= % REAR AXLE, SUSPENSION & EQUIPMENT

Description

DA-RT-40.0-4 HT 40,000# R-SERIES

2.53 REAR AXLE RATIO

IRON REAR AXLE CARRIER WITH STANDARD

RPL25 MERITOR MAIN DRIVELINE

RPL20 MERITOR INTERAXLE DRIVELINE

NO TRACTION EQUALIZER

(1)I/A LOCK VLV FOR TDM/TRI

NO DIFFERENTIAL LOCK WIRING/LOGIC

MERITOR 16.5X8.62 Q+ STAMPED SPIDER

2011/2013-FMVSS 121 REAR BRAKE LININGS

CHBR FWD W CAM SUPPORT

CONMET CAST IRON REAR BRAKE DRUMS

NO REAR BRAKE DUST SHIELDS

Xpress Write up App

~

eeeee \erizon LTE 10:55 PM 7 % 100% = 4

< Manufacturer Vehicle Information

Supply Remaining Information

Unlisted Vehicle
(Class 4 - 8 Truck MD/MD)

Number of Cylinders 6

Axle Gear Ratio 2.53

Find my axle gear ratio(s)

Transmission Gear Ratios

Are your front and rear tires the same size?

Start

ABC DEF

4 5 6
GHI JKL MNO

7 8 9
PQRS TUV WXYZ

Enter Info Here
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Enter Transmission Gear Ratios

eeese Verizon LTE 10:55 PM 7 % 100% B4 eeeee \Verizon LTE 11:01 PM 1 % 100% @ #

Supply Remaining Information v 4
¢{ Back Transmission Gear Ratios

<{ Manufacturer Vehicle Information  Start

Unlisted Vehicle cvr ]
(Class 4 - 8 Truck MD/MD)
Number of gears: 12 — | +

Number of Cylinders 6

Axle Gear Ratio 2.53 Find my Transmission Gear Ratios

Find my axle gear ratio(s)

Then Here ‘ ENTER YOUR TRANSMISSION GEAR RATIOS

Transmission Gear Ratios

Use Default Ratios No Yes
re your front and rear tires the same size?
1st Gear 11.67
2nd Gear 9.02
1 A%C o:?p 3rd Gear 7.035
4 B 6
BH) T Foss® 4th Gear 5.452
7 8 9 5th Gear 4.4
PQRS TUvV WXYZ
. 0 & 6th Gear 3.41
7th Gear 2.645
Click Here 8th Gear 205
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Use Express Write Up to Find Transmission Type

r Al

< Vehicle Info.  Detail Spec eeeee Verizon LTE 11:05 PM 7 3 100% =24

Help File Done

VIN: 3AKJGLD57FSGF1913

[ ]
t SENERAL APPLICATION INFORMATION 1D / HD ( 4 L nsmission Ge 3
+
i f MAXIMUM GVW & AXLE SYSTEM CAPACITIES
. « Allison Transmissions (213) (1997 - 2017)
+ a BASE MODEL CI'Ck Here é Detroit Transmissions (4) (2014 - 2017)
« Eaton Fuller Transmissions (323) (1997 - 2017)
« Tremec Transmissions (180) (1997 - 2017)
3 e « Volvo/Mack Transmissions (20) (1997 - 2017)
+ w/ Eaks e ZF Meritor Transmissions (167) (1997 - 2012) End of
Production
+ E ENGINE EQ ENT © Copyright 1994 - 2017 Vibrate Software, Inc. - All Rights
Reserved
L TRANSH ( QUIPMEN
Description

DT12-DA-1650 HD 12-SPEED DIRECT DRIVE

DT12 TRANS PROGRAM, ECONOMY W/MANUAL

NO TCU-VOCATIONAL RATING iPhone App

NO TCU-PRIMARY MODE: GEARS

Express Write Up

NO TCU-SECONDARY MODE: GEARS

NO TRANS PROGNOSTICS

NO AUX/ACC TRANSMISSION WIRING

46
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Record ratios and then type in all gear ratios into App, then hit “back.”

eeeee \erizon LTE 11:13 PM 7 % 100% 14 eeeee \erizon LTE 11:17 PM 7 % 100% O 4

Help File Rone { Back Transmission Gear Ratios

Automated Manual 12-Speed Direct-Drive Models
DT12-DA, DT12-DB
DT12-DA Model Ratios Non-CVT EVi ]

DT12-DB Model Ratios

Twelfth 1.00
Eleventh 1.283 1.279
Tenth 1.599 1.604
Ninth 2.051 2.051 . —
femn Zos1 2051 Number of gears: 12 e
Seventh 3.393 3.393
Sixth 4.400 4.400
Fifth 5.628 5.628
Fourth 7.035 7.035 . et .
T 5.024 0,024 Find my Transmission Gear Ratios
Second 11.639 11.639
First 14.930 14.930
ﬂ, — - rvi— ENTER YOUR TRANSMISSION GEAR RATIOS
Automated Manual 12-Speed Over-Drive Models
DT12-0A, DT12-OB £
Gear DT12-OA Model Ratios DT12-0B Model Ratios Use Default Ratios No Yes
Twelfth 0.780 0.775
Eleventh 1.000 1.000
Tenth 1239 1.250 ]
Ninth 1.599 1.604 | %
Eighth 2.050 2.068 1St Gear 14.93
Seventh 2.645 2.653
Sixth 3.410 3.431
Fifth 4.400 4.400
Fourth 5.452 5.452 2nd Gear 11.639
Third 7.035 7.035 |
Second 9.020 9.020
First 11.67 11.67

3rd Gear 9.024

Model Identification:

The data tag for the DT12 can be found on the range housing
section of the transmission. 4th Gear 7.035

r A 5 2y
@ beTROIT » 1 2 3

Sl 71537401234567
AERY A 960 260 xx 00 e -
PRI C07-00052-XXX 4 5 o

It is also possible to determine the transmission type by deciphering GHI JKL MNO

the first six digits of the transmission serial number as shown in the

chart above. The European designation is also shown above. 7 8 9
< PQRS TUvV WXYZ

iPhone App : 0 &

A7
S
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Type in Tire Sizes and Hit “Start” and Save File as Last six of Vin.

eeeee \erizon LTE 11:21 PM 7 % 100% 2 4

Supply Remaining Information

< Manufacturer Vehicle Information  Start

Unlisted Vehicle
(Class 4 - 8 Truck MD/MD)

Number of Cylinders 6

Axle Gear Ratio 2.53

Find my axle gear ratio(s)

Transmission Gear Ratios

Are your front and rear tires the same size?

Tire Widt 275

Tire Aspect Ratio 80

Type In

Wheel Diameter 225
OR
Tire Diameter (in) 39.82

0 How do | find my tire size? a

48
40

eeee0 Verizon LTE ~ % 100% @ 4

Vehicle View Start Recording

Start Recording

75/80R22.5

75/80R22.5

View Recordings

Daimler AG




iPhone App Analysis

Place iPhone on solid surface. App will identify the primary vibration source e erion e W28 1 t00 s

Analysis Done

under “Auto’. ldentify vibration and average amplitude. Compare reading to chart e - S

----- Verizon LTE 11:28 PM 7 % 100% ) 4 TIRE SPEED RELATED VIBRATIONS
Analysis Done
4 1st Order
Auto Totals Graph
3rd Order

Diagnostic Results
The diagnosis shown below is the
primary vibration detected. Repair this

vibration first and then re-test for =
additional vibrations if needed. DRIVESHAFT SPEED RELATED VIBRATIONS

1st Order
1st Order Driveshaft Speed Rela/
Virsdon bm ENGINE SPEED RELATED VIBRATIONS
1st Order

How do | fix this Vibration?

40
a4J
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Export Analysis to Email

> Go to App home page and click “recordings” and
select saved recording.

> Tap screen to give show options and click “Export”
and send via email.

> Or, click view analysis and capture image (click off
and home button at the same time).

eeee0 \Verizon LTE 11:33 PM

< Recordings  Vehicle View

<< <

View Analysis

@l il

Vehicle View Live Graph

7 % 100% @ #

------------ iblfis+

Live Data

Daimler AG
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Additional Functions of IPhone APP

Amplitude

Analysis Done

‘ Auto

| Reset Zoom

0.8 1Wis
010

0038

0.068

0044

0022

0.000 & 3
0% "ws

Joss “

Time (s) Chart Menu

025 4538 coen 7088
- oo

008y

0088

L4 00ad

026 45356 6oas 7555

BTIETZETIREINE DR

» Has aview that graphs
the “Y” axis (up & down)
allowing you to view the

amplitude level versus time.

» Color coded by frequency at
bottom of graph

< Recordings

View Analysis

Vet YVew

Vehicle View

You can view the
recording in their
entirety

Simply tap the
screen anywhere
There are pause
and arrow buttons
to move you
through playback
Single arrow
buttons move you
through at 1
second. Double
arrow moves you
at 5 seconds.

You can play back
any of the views at
the bottom of the
screen

Allows you to
export a CSV file.

Daimler AG
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CSV File Sharing

The CSV file was not intended to be opened or analyzed in a spreadsheet, it contains
information that 1s used internally by the program to perform diagnostics. Much of it may not
make sense to anyone else.

You can share the recordings with other users of the NVH app by emailing them the recording.

On the phone with the recording:

1. Select “Recordings" from upper right corner of the main screen

2. Touch and hold your finger on the recording name you with to email
3. Select email from the menu and send the email to another user.

On the phone receiving the recording:

1. Open the email with the recording, but do not open the recording file

2. Touch and hold your finger on the attached recording

3. Select “Copy to NVH” from the menu

4. Click “Recordings” from the screen and scroll to the bottom of the list to find the imported recording
5. Open the recording and use the play back controls to view the recording
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Email Confirmation & Overview

Message El.|2016 Mercedes-Benz Gle Class 2017-12-15 105811.csv (66 KB)

Recording Overview

Recording Name: 2016 Mercedes-Benz Gle Class
Recording Date: 2017-12-15 10:58:11

Vehicle Information

Manufacturer: Mercedes-Benz

Year: 2016

Model: GLE Class

Powertrain: FWD

Number of cylinders: 4

Tire Diameter: 29.04

Axle Gear Ratio: 327

Transmission Gear Ratio - 1st Gear: 4 377
Transmission Gear Ratio - 2nd Gear: 2 859
Transmission Gear Ratio - 5rd Gear: 1.921
Transmission Gear Ratio - 4th Gear: 1.368
Transmission Gear Ratio - 5th Gear: 1.0
Transmission Gear Ratio - 6th Gear: 0.82
Transmission Gear Ratio - 7th Gear: 0.728

Daimler AG



Sample Exported CSV File

» File can be used to call out specific area of issue

recName recDate Manufactur Year Model powertrair numCylind tireDiamet frontTireD axleGearR frontAxleC rearAxleGe tCaseGear transGearl transGearl transGearf transGearf transGearf transGeartl

2016 Merc ######## mercedes-b 2016 GLE Class FWD 4 29.04 29.04 -1 3.27 -1

1

Time (s) Engine RPI Speed (m/s) Tire Hz Front Tire Driveshaft Freql (Hz) Freq2 (Hz) Freg3 (Hz) AvgMagl AvgMag2 AvgMag3d xMagl

10 2178.038 35.349998 15.24878 15.24878 2991.811 12.65625 14.0625 15.46875 0.056902 0.051874 0.050117

10.5 2194.058 35.610001 15.24878 15.24878 2991.811 12.65625 14.0625 74.53125 0.056179 0.052296 0.051499
11 2194.058 35.610001 15.36094 15.36094 3013.816 12.65625 15.46875 14.0625 0.056279 0.054201 0.049296
11.5 2216.239 35.970001 15.36094 15.36094 3013.816 15.46875 14.0625 ) 0.057316 0.050092 0
12 2216.239 35.970001 15.51623 15.51623 3044.284 15.46875 12.65625 14.0623 0.058138 0.057763 0.050631
12.5 2222.4 36.07 15.51623 15.51623 3044.284 15.46875 8.4375 32.34373 0.059168 0.056483 0.00636
13 2222.4 36.07 15.55937 15.55937 3052.748 12.375 11 & 0.056364 0.039784 0
13.5 2232.258 36.23 15.55937 15.55937 3052.748 12.65625 16.875 0 0.030347 0.014453 0
14 2232.258 36.23 15.62838 15.62838 3066.289 15.46875 14.0625 12.65625 0.050159 0.029375 0.024417

14.5 2238.42 36.330002 15.62838 15.62838 3066.289 15.46875 75.9375 32.34375 0.050174 0.027578 0.00759
15 2238.42 36.330002 15.67152 15.67152 3074.753 16.875 32.34375 2.8125 0.011029 0.008014 0.005337

15.5 2234.723 36.27 15.67152 15.67152 3074.753 15.46875 14.0625 8.4375 0.046751 0.026328 0.00623
16 2234.723 36.27 15.64564 15.64564 3069.674 72.875 13.75 17.875 0.04745 0.026786 0.006974
16.5 2218.087 36 15.64564 15.64564 3069.674 15.46875 14.0625 1.40625 0.048163 0.025137 0.013185
17 2218.087 36 15.52917 15.52917 3046.823 15.8125 14.375 1.4375 0.047627 0.024762 0.015932
17.5 2202.684 35.75 15.52917 15.52917 3046.823 72.875 13.75 1.375 0.046495 0.026613 0.016562
18 2202.684 35.75 15.42133 15.42133 3025.665 15.125 13.75 12.375 0.042462 0.028973 0.021294

18.5 2194.058 35.610001 15.42133 15.42133 3025.e65 74.53125 14.0625 12.65625 0.038652 0.029576 0.022553

0.001508
0.010024
0.017816
0.045393
0.012283
0.022433
0.004342
0.003477

0.01831
0.024826
0.006203
0.024006
0.008999
0.030633
0.020784
0.004249
0.018056
0.001751

2.859 1.921 1.368 1 0.82 0.728
yMagl zMagl xMag2 yMag2 zMag2 xMag3
0.002473 0.124691 0.013095 0.010768 0.004432 0.038719
0.002197 0.009304 0.002019 0.013474 0.078558 0.030884
0.006268 0.00733 0.010613 0.036771 0.052821 0.001058

0.01149 0.059681 0.014739 0.007646 0.023763 0
0.002328 0.02103 0.005016 0.004723 0.042942 0.00062
0.004742 0.006673 0.003152 0.003048 0.010376 0.000559

0.000352 0.013835 0.003395 0.00039 0.010368 0
0.000962 0.013789 0.005955 0.011258 0.001453 0
0.000842 0.008816 0.017934 0.004406 0.04537 0.016696

0.000124 0.004701 0.020725 0.002974 0.029317 0.008543
0.016%964 0.002579 0.001476 0.010983 0.001483 0.00088
0.000843 0.007577 0.004658 0.004007 0.011877 0.000601
0.009261 0.034867 0.013232 0.000446 0.010968 0.013733
0.005157 0.003398 0.007785 0.003628 0.026462 0.001093
0.029492 0.068142 0.004633 0.004223 0.012988 0.001056
0.013786 0.04408 0.013279 0.015985 0.032415 0.0021
0.002204 0.00387 0.001343 0.009631 0.047588 0.002606
0.000571 0.018344 0.005881 0.006319 0.01695 0.006375

Daimler AG
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PDF File

NVH Diagnostic Report

Report Date Record Name Record Date Record Length
November 14, 2018 dutch star JB3378#1 2018-11-13 15:08:29 05:25.0
Vehicle Data: Relevant Settings:
Manufacturer: Unlisted Vehicle o Amplitude Threshold: 0.01g
Year: Unlisted Vehicle ® 3rd Order Tire Vibration analysis disabled

Model: Unlisted Vehicle

Powertrain: Class 4 - 8 Truck MD/HD
Number of Cylinders: 6

Front Tire Diameter: 42.62

Rear Tire Diameter: 42.34

Rear Axle Gear Ratio: 4.78
Transmission Speeds: 6

Diagnostic Results

The diagnosis shown below is the primary vibration detected. Repair this vibration first and then re-test for additional vibrations if needed.

(T2) 2nd Order Rear Tire speed related vibration

Definition: Second order tire speed related vibrations cause two shakes or disturbances for each revolution of the tire. These vibrations are usually
caused by something spinning the same speed as the tire that is out-of-round. There are over 77 conditions that can cause a tire speed related
vibration.

Daimler AG
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Totals

Rear Tire Speed Related Vibrations

Order Times Detected Average Amplitude (g)
1st 12 0.01
2nd 189 0.01
3rd 20 0.03

Front Tire Speed Related Vibrations

Times Detected

Average Amplitude (g)

1st 12 0.01
2nd 150 0.01
3rd 18 0.03

Driveshaft Speed Related Vibrations

Order Times Detected Average Amplitude (qg)
1st 11 0.02
3rd 9 0.03

Engine Speed Related Vibrations

3rd

Times Detected

Average Amplitude (g)

0.02

Daimler AG
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Vibration Breakdown By Vehicle Speed

The NVH app takes samples of the vibrations on your vehicle twice per second.

® The counts shown below indicate the number of times each type of vibration was detected in that particular vehicle speed

range.

¢ The maximum counts possible column shows the total amount of counts that were possible for that vehicle speed range.

This is related to how long was spent driving in that speed range.

® The Percentage column shows the percentage of time the vibration was detected at that vehicle speed range

Rear Tire Speed Related Vibration Breakdown

1st Order Rear Tire Speed Related Vibration Breakdown

Vehicle Speed Count Count (Time) Spent in Range Percentage Average Amplitude (g)
5-9 MPH 3 6 (00:03.0) 50.00% 0.01
10-14 MPH 6 6 (00:03.0) 100.00% 0.01
15-19 MPH 3 10 (00:05.0) 30.00% 0.01

2nd Order Rear Tire Speed Related Vibration Breakdown

Vehicle Speed Count Count (Time) Spent in Range Percentage Average Amplitude (g)
35-39 MPH 1 10 (00:05.0) 10.00% 0.03
40-44 MPH b 12 (00:06.0) 50.00% 0.02
45-49 MPH 2 10 (00:05.0) 20.00% 0.01
55-59 MPH 9 189 (01:34.5) 4.76% 0.01
60-64 MPH 139 254 (02:07.0) 54.72% 0.01
65-69 MPH 32 48 (00:24.0) 66.67% 0.01

3rd Order Rear Tire Speed Related Vibration Breakdown

Vehicle Speed Count Count (Time) Spent in Range Percentage Average Amplitude (g)
25-29 MPH = 10 (00:05.0) 40.00% 0.02
30-34 MPH = 4 (00:02.0) 100.00% 0.03
35-39 MPH 2 10 (00:05.0) 20.00% 0.04
40-44 MPH 10 12 (00:06.0) 83.33% 0.03

Daimler AG
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Front Tire Speed Related Vibration Breakdown

1st Order Front Tire Speed Related Vibration Breakdown

Vehicle Speed Count Count (Time) Spent in Range Percentage Average Amplitude (g)
5-9 MPH 3 6 (00:03.0) 50.00% 0.01
10-14 MPH 6 6 (00:03.0) 100.00% 0.01
15-19 MPH 3 10 (00:05.0) 30.00% 0.01

2nd Order Front Tire Speed Related Vibration Breakdown

Vehicle Speed Count Count (Time) Spent in Range Percentage Average Amplitude (g)
35-39 MPH 1 10 (00:05.0) 10.00% 0.03
40-44 MPH 4 12 (00:06.0) 33.33% 0.02
45-49 MPH 2 10 (00:05.0) 20.00% 0.01
55-59 MPH 9 189 (01:34.5) 4.76% 0.01
60-64 MPH 102 254 (02:07.0) 40.16% 0.01
65-69 MPH 32 48 (00:24.0) 66.67% 0.01

3rd Order Front Tire Speed Related Vibration Breakdown

Vehicle Speed Count Count (Time) Spent in Range Percentage Average Amplitude (g)
25-29 MPH 4 10 (00:05.0) 40.00% 0.02
30-34 MPH = 4 (00:02.0) 100.00% 0.03
40-44 MPH 10 12 (00:06.0) 83.33% 0.03

Daimler AG
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iPhone App

> Perform related checks corresponding to classification and order to fix issue(s)
> Take a second recording (same route) and save as last six of VIN.
> Export second recording for proof that issue has been resolved.

EQ
IJ
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Additional Functions of IPhone APP

< NVH Tools

90"

Strobe Light

U-Joint Angle

3 (1l

Speedometer Live Data

£ Tools Strobe

Target Frequency Actual Frequency

20.0 --

Change Frequency By 10 Hz

Change Frequency By 1 Hz

Change Frequency By 0.1 Hz

» Strobe Light function to
determine rotational speed of
components not identified by the
NVH app

» U-Joint Angle measuring device

» Speedometer Accuracy tool

» Live Data of three axis sensors
measuring frequency and
amplitude levels. Top 5
amplitudes and frequency
displayed

Daimler AG
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Source Analysis: Tires/Wheel End
> Tire and Wheel End related vibrations Tire 15t order
» Condition of tires, flat spots, dry rot,

chunks missing etc.

» Tire mounted on wheel incorrectly
“GG Ring”, Guide rib, or Mold Line
measurement should not exceed
2/32” in 4 spots

Tire run out radial and lateral
Wheel mounted on hub piloted
assemblies incorrectly

First Order Tire Speed Related Vibrations

Usually caused by something rotating the same speed
Check Wheels, hUbS’ drums, as the tire that is out-of-round or out-of-balance

rotors if necessary
Balance wheel /tire assemblies,
drum or rotors

vV WV ¥V VYV

Stiff spots in tire sidewall (radial force variation)
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Tire Mounting GG Ring/Guide Rib/Mold Line
» The GG Ring, Guide Rib or Mold Line is the raise rib close to the bead.
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Tire Mounting GG Ring/Guide Rib/Mold Line
» The GG Ring, Guide Rib or Mold Line is the raise rib close to the bead.
=

\ \
\‘I

L
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GG Ring Measurement

Tire on Wheel Mounting Record

Clock
Position

A

Inspector

12:00

1:30

3:00

Date

4:30

6:00

7:30

9:00

10:30

Daimler AG
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Tire Mounting

» Many Goodyear steer tires are marked
with a red dot on the side wall which
Indicates the tires highest point of
radial RFV or runout.

» To minimize assembly run-out:

» Steel Wheels
Align the red dot (high point) with
the dimple on the rim (low point)

» Alloy Wheels
Align the red dot with the valve stem

Alloy Wheel - Dimple at Vaive [l

A 1)

Steel Wheel - Dimple at Red Dot

Daimler AG
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Tire Mounting Rear

» Most truck drive (traction) tires
are not red dot marked. However
most Motorhomes use Rib tires in
all positions which are generally
marked.

Inside Dual

» When installing red dot marked tires
on drive axles, place red dots
opposite of each other.

» Clock red dots at 12:00 o’ clock and Outside Dual
6:00 o’ clock position

> Maintain Valve stem access
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Wheel End Run-outs

» Radial Run-out is a deviation from a perfect circle.

» The steer axle is usually more
sensitive than the drive axle

» Radial Run-out taken at the
center rib of tire .060” Total
Run-out is maximum allowed
specification

i
High Spot

Low Spot

[
]
oo, +*
"ouypmupe**

Daimler AG
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Wheel End Run-outs

> Lateral run-out Is the side to
side movement

> Lateral taken close to the
“GG” Ring .060” is the maximum
allowed specification

Daimler AG
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Measuring Wheel End Run-outs

» Use an approved dial indicator
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Wheel Run-Out

» Rim measurement readings:

Aluminum

Lateral .030” max
Radial .030” max

Steel
Radial .050” max
Lateral .050” max

RUNOUT

WHEEL LATERAL
RUNOUT

\ TOTAL

LATERAL
RUNOUT

WHEEL RADIAL
D)~ Hisit

TOTAL
a— RADIAL
RUNOUT

Daimler AG
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Machined-to-Balance

Tire and Wheel End/Brake Drum & Types

» Brake Drum measurement readings
Lateral .045”
Radial taken inside of Drum .020”

> Note: Brake run-outs typically do not
cause a vibration until the brake pedal

IS depressed.

» Look for missing weights

YWelded balance weight
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Brake Drum Storage

» How to Properly Store Brake Drums

¢ B Bk i e m——” Incorrect stacking such as "nesting", “stacking” or the "book end” styles illustrated above,
Orfect stacking of brake drums will ensure the distibution of te weignt onto e S0 iy case out.of-round conditions. Drums stored in this manner normally require addi-

Walls of the drur. tional turning, which shortens their useful life.
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Tire and Wheel End / Hub

» Hubs:
_ateral taken at the face of the hub .015”
Radial taken near the hub pilots .015”

» Make sure piloted hubs are installed correctly
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Wheel End/Component Tolerance Stack-up

Stacking of Component Tolerances

Quality components all have tolerances

When tolerances stack up
== | together they can cause
high run-outs and vibration.

Minimize on vehicle
run-outs by using the
components together.

Stacked Installation Indexed Installation

— Fa
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Wheel End Components Tolerance Stack-Up

L®

Control Yariables!

Stacking of Component Tolerances
Another View — Component Run-outs

62
‘

OD0-0-F

Tire

Tire

VWheel Hub On-Vehicle
Run-Out

Wheel Hub On-Vehicle
Run-Out

Daimler AG
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Tire/Wheel End 2"d Order

Tire 2" order

Tire, wheel, drum, rotor or hub out of round
Balance will not cause Tire 2" order issues.
Radial Force Variation (RFV) which is soft

or stiff spots in tire which can not support
the load efficiently.

RFV can be measured (See SB 32-31)
entitled Rough Ride Diagnosis for procedure
to measure RFV.

» RFV can also be measure by a machine such
as the Hunter GSP9700 Road Force Balancer
which is used to balance and load the tire.

Hunter GSP9700

VVYYV

A\

e
3t
AL
§
N
§
g
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Wheel End

2"d Order Radial Force Variations
RADIAL FORCE

“SPRINGS™

STIFFNESS VARIATION

Daimler AG

77



Wheel End 2" Order Radial Force Variations

RADIAL FORCE o
VARIATION Force Variatiqn

1st Order
S gl S LEpep— - - - -
wiion T ] I =™ XTI 5
2nd Order ‘3\/‘\'/0\"‘" -. t@‘«"/})ﬁ "@"0}*’ W AVYs %
e Bokiah Ahedl ch
WANZTISLY LN TN WL TSNV
‘\\‘ ‘-‘,‘/;/ i/ v = ‘, — ” - \‘ ‘ Ny X \J,;’»/
S UMY ORIy
3 Order
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Tire/Wheel End 2" Order
Second Order Tlre Speed Related Vlbratlons

=

fr

These vibrations are usually caused by something
rotating the same speed as the tire that is out-of-round.
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Frame Beaming

» Frame Beaming is a condition usually appearing in extremely long wheel bases
where the frame is actually flexing.

» Frame Beaming displays as a 1%t order wheel end issue, but does not increase
HZ with vehicle speed like a true wheel end issue. The HZ can also slightly
change from bobtail mode when a loaded trailer is added.

» If balance or runout does not resolve your
issue you will need to contact Service
Engineering. Possible solutions may include
different cab shocks, different durometer cab
mounts, or adding ping tanks.

» Adding frame inserts is very costly and often
does not resolve the issue.
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Source Analysis/ Driveline 15t Order
» Driveline 15t Order

v Check driveline run outs (shaft, yoke, flange, parking brake)

v Check “U” joints, slip yokes, & carrier bearings. for excessive play.

v" Check yoke or companion flange nuts for looseness YOKES OUT OF PHASE

v Check for drive line balance weights missing consra seegp " <A

v" Check for mud or concrete build up \@K@xgﬁz\m@%
v Check for dents or twists VOKES N PHASE

v Check for proper phasing (note some Western Star \@@

v' drive line assemblies are phased out 90 degrees) ST
v Check Driveline Balance ek St

v Check Critical and /2 Critical Speeds
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Driveline Specs

» Slip joint maximum radial looseness  .007”
» “U” Joint maximum movement .006”
» Flange run out radial maximum .008”
» Flange run out axial maximum .005”
» Maximum driveshaft run out measured
3 inches from welds on either side 020" ] These specifications
» Maximum run out measured at center .025” [ are for a driveshaft in
» Maximum run out at shaft near splines .015” J aused condition

Figure 1, Checking for Slip-Joint Spline Wear

05/27/93 f410012a_
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Drive Shaft Run Out

Daimler AG

Dirveshaft Runout Specifications

1T

o

[———

C
__‘1\_\' \le i .
vy
=T 1 1
C D C
06/13/96 410110b
Measurment New/Rebuilt Used

A 3 inches (76 mm) 3 inch (76 mm
B 0.005 inch (0.127 mm) 0.015 inch (0.38 mm)
C 0.010 inch (0.2540 mm) 0.020 inch (0.51 mm)
D 0.015 inch (0.381 mm)

0.025 inch (0.635 mm)
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Modules for Driveline Information

Module Description

386 Driveshaft Main Rear Axle Input

388 Driveshaft interaxle

391 Driveshaft & Midship Brg. Forward #1

» Note: if the description of Part Pro does not contain the length. It can be
determined by the last 3 digits. Example A09-10277-530 = 53 inches,

A09-30276-772 = 77 /2 inches.
The last digit represents 4 inch. Therefore 1= 2=1/2 3=3/4.

If the 4" digit is a 3 then the driveline is phased 90 degrees.
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Driveline Information

> If the run outs and visual inspection look good there may be a
balance issue.

Note: EVA has an optional strobe attachment which can
be used to verify an out of balance condition with
the driveline.
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Driveshaft Critical Speeds
» 2 Critical Speed is important to check if runouts and balance are good.

» Critical speed of a driveshaft is the RPM E
at which the driveshaft will bend or whip

TRANSMISSION

» Driveshaft’s have a natural vibration or resonance at 2 critical speed.

» You never want the V2 critical speed of a driveshaft to occur within the
50 to 70 MPH range of a vehicle.

Daimler AG 86



Driveshaft Critical Speed Calculation

Driveshaft Critical Speed Calculation
(Pin-Pin)

General
Equation:

where:
N:= Revolutions per minute, pm

E = Modulus of elasticity, psi

| = Area moment of inertia, in’

g = Acceleration due to gravity, in/s’
W = Total weight of shatft, Ib

L = Shaft length between supports, in

N.=4,705,000 \/ - z

Round Tubular
Steel Shaft:

d*+d”’

L&
where:
d,= outside diameter, in
d;= Inside diameter, in
L = Shaft length, in
note: for solid shaft, d;=0
(Hollow shaft gives higher N.)

Daimler AG
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Driveshaft Critical & 1/2 Critical Speeds

> Use driveline calculator @ www2.dana.com to determine if driveline is
operating at or near 2 critical speed.

/\ =
\w The Expert Main Menu
DanaMATE.Com Contact Us = Search
Q The Expert® is an Interactive Product Information System.
PICE Identify Part Number &
S/ Parts List &
: Where Used
Driveshait Bulletins
Light IAxIe Flange/End Yoke Application(Sect.10) @
: _ Heavy Axle Identify Part by Dimension (J300-P)
Tire Inflation Management Systems Find a Short Coupled Shaft (SC) &
Transfer Case Driveshaft RPM Calculator &
VTR /), /| 7 o Torsugnal Analysis Program &
OutRunner Seal J321 1-CV Catalog
new: K350 U-Joint Applications Catalog
Literature and Catalogs @
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Driveshaft 1/2 Critical Speeds Continued

\w The Expert Driveshaft RPM Calculator

he Expert DanaMate.Com Contact Us Wt Search

Driveshaft RPM Calculator
Select Drive Shaft Type

Style B
Style C L
Style D

Outside Diameter of Tube STYLEA L
3550 4 : J
STEC

4095

4500 ~

et

Distance Between Joint Centers in Inches:
68 J

Maximum Safe Operating RPM: ! L

1/2 True Critical Speed (RPM) (See Help Form) STYLEB STYLED
Maximum Initial Balance RPM (See Help Form)

[ Calculate ]
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Driveshaft 1/2 Critical Speeds Continued

_DANA _ The Expert Driveshaft RPM Calculator

Select Drive Shaft Type

Style B
Style C
Style D

DanaMate.Com

Contact Us

Drniveshaft RPM Calculator

-

|Outside Diameter of Tube

-
4.095
4.500
4594 ~

m

pistance Between Joint Centers in Inches:
68

aximum Safe Operating RPM:
3191

1/2 True Critical Speed (RPM) (See Help Form)

2,839 €

aximum Initial Balance RPM (See Help Form)
3180

Daimler AG
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Driveshaft /2 Critical Speed

» If this problem exist contact DSM (Service Engineering)
» One of the following or combination changes can be made to correct this
Issue:
- Change to multiple driveshaft's
Change the length
- Change the tube diameter
C
C

nange tube wall thickness
nange tube material

Driveshaft RPM = ENGINE RPM
TRANSMISSION RATIO

Example: 2500 RPMS = 3846 RPMS of Driveshaft
.65
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Vibration Issues Meritor Drivelines

* If vehicle is in warranty and has a Meritor Driveline follow the procedures in TP-184
* Driveline Vibration MRWGLAO1 Released 6-18
* See accelerometer mounting via model

M2 Mounting Cascadia Mounting
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Vibration Issues Meritor Drivelines continued

* Spec for M2 is 0.09g at seat base, Cascadia is 0.09g at steering column base
* As of now they say not to use a smartphone

* If reading are too high replace with soft cushion center bearing

* White paint along the base of the cushion.

 TDA CCB213 for 16 MXL and 17 MXL Series

« TDA HCB214 for 18 MXL and RPL Series

 Fill out appropriate Meritor claim form to file for warranty

16 MXL and 17 MXL Series 18 MXL and RPL Series
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Driveline 2" Order

> “U” joints
4 Loose, worn, lack of lube, out of phase

» Incorrect Air Ride Height
v' Check according Freightliner LLC literature (workshop manuals or
diagrams module 621 Ride height)

» Incorrect Working Angles
v Verify the working angles are correct by using the Eaton DAA tool kit
and software program

Daimler AG Title of presentation / Department / Date 94



Driveline 2" Order Working Angles

g.r. 2

‘—‘-" J

' e % Wi, am Front Working Angle

R —

Y 8

—————,
——

— ———)
————_ k‘“‘““--- .

Rear Working Angle

Discuss Theory of Non Uniform Velocity

Working Angle

: -
,l
' N
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Driveline Definitions

> Driveline Angle - (also called working angle) refers to the difference of
the component angles of the drive side and driven side of a U-Joint.
When the difference is zero each component on either side of the U-Joint
will rotate at the same RPM. If the angle is not zero when the U-Joint is
rotated, it will cause the component on the driven side to rotate at a
changing rate.

» The driven component will increase and decrease speed twice each
rotation. This constant changing rate is called Torsional acceleration
and it’s units is radians per second squared (rad/sec2) where 1 radian =
57 degrees. There is also a Inertial component generated that is
measured in foot pounds (ft-1bs.).

Daimler AG
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Torsional Acceleration

I)-joint rotaticn with a8 zerc deq. working angle U-jcint rotation with 8 non-zero deq. working angle
Crive . Crive
side Driven Drl".-E side
—— /- _J side side
- 2 I T 1
zero-deq ‘/Jf;ﬂ' | il "I:.} —lll IIE | Il/r
'x._.,-’l ) | non-zerp J / \ ﬁ .l
angle angle : e 4 —
_!:_"I_I“‘—-h k Driven ! II' \ / DCriven
 — L S side | — — side
Viewed from side Viewed from end Viewed from side Viewed from end
Figure 1 Figure 2
Criven-side Yoke speeds for zero/non-zers working angles during 380 degrees of rotation.
a O 180 270 380
. . | Legend
increasing . _ _ .
... Driven yoke speed + 4+ .| Blade-zeroc deg working angle
constant . il _h_h'""-\ il Red-non-zero deg working angle
decreasing

Figure 3

» Show Video or Demo on training aid non uniform velocity
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97



Drive and Coast Inertias

>

>

Drive Inertia - refers to the torque effect on the driveline with a U-Joint

having a non zero working angle. Driveline inertia power is being
supplied by the engine through the transmission to the drive train.

Ring Gear

Coast Inertia - is when the vehicle is coasting a%he power Is being

supplied by the inertia of the vehicle pushing back through the axles
and the rest of the drive train. |
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Driveline Configurations Parallel Arrangement

» The effect of U-Joint torsional can be cancelled out for each driveshaft by
making sure the working angles of the U-Joint at either end of the

driveshaft have the same working angle or within 1 degree. This can be
accomplished by setting up the component in a Parallel Arrangement.

Parallel arrangement is simply mounting two components at a same

angle.

I Transmission centerline
. Rear axle centerline

] Driveshaft centerline

LI

~ &/

04/25/95
A. Equal U-Joint Working Angles

1. Transmission 2. No. 2 Driveshaft

B. Parallel Centerlines
3. Rear Axle

f410045a

Daimler AG

Title of presentation / Department / Date
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Driveline Configuration Intersecting Plane

» It is not always possible to configure or mount all the components in a Parallel
arrangement. An example would be the rear axles. If both rear axles were mounted
on a different plane the tires would not contact the ground evenly to support the
vehicle load. Therefore another method to reduce torsional vibration and inertias is
called Intersecting Plane. An intersecting plane is where the mounting of the axles
IS such that the centerline of each axle intersects at mid point between both axles.

. Rear axle centerline

. Inter axle centerline

B Intersection point -
07124/95 f410031a

A. Parallel Centerlines B. Equal U-Joint Working Angles C. Intersecting Centerlines
1. Transmission 3. Forward-Rear Axle 5. Rearmost Axle
2. No. 2 Driveshaft 4. No. 3 Driveshaft

Fig. 2, Intersecting Planing Arrangements for Dual-Drive Vehicles
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Symptoms and Effects of Incorrect Driveline Working Angles

» Growling during Acceleration or Deceleration

The growl is the gearing going through backlash at low torque or float
conditions. This condition is more prevalent during deceleration or
lightly loaded conditions.

» Typical driver complaints

= Noise and Vibration
= Growl under acceleration or deceleration
. Buzz transmitted up from the gear shift lever usually during float or

while coasting.
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Symptoms and Effects of Incorrect Driveline Working Angles

» Decreased durability or failure of driveline components

» Transmission Failure Areas

= synchronizer pin breakage

= synchronizer ring breakage

= auxiliary drive gear and main shaft spline wear.

= auxiliary drive gear and range sliding teeth fretting

> Axle Failure Areas
= power dividers

Increased wear to carrier bearings
U-Joint fretting

> Driveshaft Component Areas
= slip spline wear
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240.00
Driveline 2"d Order Sequence 0

20000 —

> If the amplitude of the EVA is - T
higher than the baseline and points o
to Driveline 2" order: 0
pILn Y4l
1. Verify the ride height B
2. Check the “U” Joint Phasing . m,,&‘____j_,,_a__‘

| | | | | | | | | | |
00 100 200 300 400 500 600 700 800 900 1000 1100

3. Check the driveline working angles using the Eaton DAA software
program. Make sure tires are properly inflated, vehicle is on a level
surface, wheels chocked, transmission in neutral, and parking brake
not set.

4. Adjust the working angles if necessary
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Driveline Angle Analyzer Tools

» The Driveline Angle Analyzer tools can be purchased at
www.truckvibration.com or www.eaton.com or by calling 269-74 3-
9372. The current cost is $500.

» Other vendors also sell software Each kit includes:

« DAA software on CD-ROM.
Supported operating systems include:
Windows 2000, NT and XP

« Digital Protractor — automatically displays
driveline angle settings — no visual guesswork
involved.

« “V/" Block — to ensure accurate measurement
on short driveshaft surfaces.

e t
eline -

g“ -
e
{5 v

« 12 foot tape measure — to determine
driveshaft lengths.

« Black Pelican tool kit case with foam insert.

« Simple installation and instructions.
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http://www.eaton.com/

Tools Required for Measuring Driveline Angles

» Angle master/Digital Protractor
» Tape Measure

» V-Block

» Yoke Ruler

» Driveshaft Tube measurement tool or long eared caliper capable of
measuring a 5 inch diameter driveshaft.
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Information Needed for Driveline Software

» Critical information is needed when using the Eaton Driveline Angle
Analyzer software. All Fields in red must be filled out in the vehicle
Information sheet. This is critical for correct calculations. The critical
Information includes:

= Main Driveline Series

= [nter axle Driveline Series

= Axle manufacture

» Go to PartsPro to retain the driveline series, axle manufacture, and axle
model.

» In PartsPro you can also obtain the driveshaft lengths, and if the
driveshaft is phased.

» In EZ Wiring you can obtain the driveshaft outside diameter
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Driveshaft Information & Diagram Retrieval

» Important Driveshaft information can be obtained from the A09 Drawings.

» Retrieve from Parts Pro

» Enter the Driveshaft module number

» Select the Driveshaft

» Go to EZ wiring and leave off the last three digits example A09-10599-000 leave of the
000 when entering diagram in EZ wiring

EZ\WIrinG
vehicle Information Dy i Vi Floating Pin List M DLCﬁM
T e - 386 Driveshaft Main Rear Axle Input
Diagram View 388 Driveshaft interaxle
| 391 Driveshaft & Midship Brg. Forward #1
Diagram Part Number: ADZ-10599

View Clear
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Driveline Wall Tubing Thickness
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Driveline Software Worksheet Information & Driveshaft Measurement

» The measurement sheet also requires all the red fields to be filled out
so that driveline calculations can be figured. Include the following:

* Transmission,#1propshaft, and #2 propshaft if applicable.

* Drive and rear head axle angle if applicable.

* Inter axle propshaft angle if applicable.

* Phase angle of each driveshaft

= Length of each drive shaft.

= Maximum Engine RPM in Top Gear

= Top gear ratio of transmission.

> Positive Angle- A positive angle is when the end closest to the front of
the vehicle is higher than the end farthest from the vehicle.

> Negative Angle- A negative angle is when the end closest to the front of
the vehicle is lower than the end farthest from the vehicle.
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Enter Driveline Information in Software

Daimler AG



Enter Driveline Information in Software
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Torsional and Inertia Readings & Rules of Operating Angles

Torsional in Rads/sec”2 Inertias Drive and Coast
O to 25 = 0O to 200 =

201to 1,000 = 26 to 100 =

Above 100 = Fail Above 1,000 = Fail

» 3 Rules of Operating Angles

1. All working angles must be at least 1 degree. This ensures the needle
rollers in the “U” joint will rotate and act as a bearing.

2. The operating angles at each end of the same driveshaft must be within 1
degree of each other.

3. All operating angles should be a maximum of 3 degrees. This provides the
absolute minimum amount of vibration in the driveline.
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Correction Mode in the Driveline Software

» Once all fields required on both sheets are entered the driveline
calculation occurs and becomes active. Portions of the driveline will be
colored to indicate its condition. The colors are:

Red = Falil

Click on Correction Mode
Save Baseline reading for before and after readings.
ltems in Red and need to be altered.

YV YV VYV
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Correction Mode

correct ride heicfht

—
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Adjusting to Correct Improper Working Angles

» |If axle needs to be adjusted change by shim selection in axle seats.

L] L]
» Axle seat diagrams are found in module 431.
1
Vi
\\\
22
111758 320462
1. Frame Rail 11. U-Bolt Pad 18. Shock Absorber
2. Spring Hanger 12. U-Boit 20. Nylon Locknut
3. Washer 13. Axle 21. Washer
4. Hexnut 14. Axle Seat 22 Air Spring
5. Sprnng Pin 15. Axle Clamp 23. Air-Spring Mounting Bracket
8. Alignment Shim 168. Flatwasher 24. Shock-Absorber Upper Mounting
7. Wear-Shoe Clip 17. High Nut Bracket
8. Washer 18. Shock-Absorber Lower Mounting
9. Spring Pinch-Bolt Bracket
10. Leaf Spring Assembly

Fig. 1, Rear Axle Suspension
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Diagram L16-14130 Axle Seats

STANDARD AXLE SEATS

1 TEM EEn MILE R EEEE: SEAT ANGLE [THICK SICE OF SEAT| L% E SERT TOF PAD
ANGLE| FAD | AFT |FWD AXLE | AFT AiLE LF RF LR RR LF RF LR RR
1 |40k RT34/40/44-145:AT40/46- 160/ 164 |SL/55" WO | 3 |8 5| AT FWO | 16-14049-000| 16-14043-000| 16-14051-000| 16-14051-000| 16-14054-000 | L16-14054-000| 16-14055-000| 16-14055-000
L ETH 414 51455 WO | 3 | -4.5|  AFT FWD | 16-14049-000| 16-14043-000| 16-14050-000| 16-14050-000 16-14054-000| L6-14054-000| 16-14055-000| 16-14055-000
L FT34,40/44-145 & 404 73" N AT ArT | 10-14043-000( 10-14043-000| 106-14045-000| 10-14043-000] 109-14004-000| LG-14054-000| 16-14034-000( 16-12054-000
4 |40k RT40/46-160 597 WO 3| -3 #FT F4O 16-14049-000 | 16-14043-000 | 16-14095-000( 16-14049-000| 16-14054-000  L6- [4054-000| 16-14054-000] 16-13054-000
E o |aok ETH 461 5L /EE S PFT FWD | 16-14063-000( 16-14063-001 | 16-14080-001( 16-14059-000] 16-14054-000| G- 14054-003| 16-14054-003[ 16-14054-000
6 [aoK ETH 461 597 I EEN S PET AFT | 16-14089-000( 16-14089-001 | 16-14058-002( 16-14059-000] 16-14054-000| L6-14054-003| 16-14054-003[ 16-14054-000
LI EL ETHELFPERAD/ 452 51 /5B woo | 30 | -4 B| AT FWD | 16-14049-000| 16-14049-001 | 16-14600-000| 16-14080-000 16-140B4-000| LE- 140B4-000| 16-14065-000| 16-14086-000
B |ao.20, 21k |REE3I-160/23- 166 & TAG A1y 3 Wo |3 | 3 AFT AFT | 16-14043-000| 16-14045-000| 16-140459-000| 16-14043-000| 16-14054-000 | L6-14054-000| 16-14054-000| 16-14054-000
3 (402K FS23-1B0 & TAQ kY N FET AFT | 16-14049-002| 16-14043-000| 16-14043-000| 16-14049-000| 16-14054-004| L6-14054-000| 16-14054-000( 16-12054-000
L0 a0, 2K ETMEIL0G & TAG 3 WO | 3" 3 AFT AFT 16-14059-002| 16-14063-000| 16-14045-000( 16-14049-000| 16-14054-005( L6- [4054-000| 16-14054-000] 16-14054-000
L |ao, 20 RE23-160./23- 166 & TRG /1 = RS PFT AFT | 16-14060-000( 16-14060-000| 16-14040-000( 16-14049-000 16-14085-000| L6- 140BE-000| 16-14054-000[ 16-12054-000
L2 |40, 20 RE23-180 & TAG = RS AFT AFT | 16-14080-001| 16-14060-000 | 16-14045-000( 16-14043-000| 16-14056-001 [ LE- L40E5-000| 16-14054-000( 16-14054-000
13 |ao, 20 ETHZIL0E & TAG 5 I EE S PFT AFT | 16-14060-003( 16-14060-002| 16-14040-000| 16-14049-000 16-14055-002 | L6~ 40GE-000| 16-14054-000[ 16-14054-000
L4 a0k RT24/40/44-14ERT40/46- 160/ 164 |EL/GE" YES | 2* | -B E'| AT FWO | 16-14140-000| 16-14140-000| 16-14061-000| 16-14061-000| 16-140E4-000 | L6- 140B4-000| 16-14065-000| 16-14065-000
R ELT ETH 414 51455 VES | 2° | -4.5'| AFT FWD | 16-14140-000| 16-14140-000| 16-14050-000| 16-14050-000 16-14054-000| L6~ 14054-000| 16-14055-000| 16-14055-000
L6 |40k FT34/40/44-145 & J04 597 TEs |2t | oE PET AFT | 16-14140-000| 16-14140-000| 16-14045-000| 16-14043-000| 16-14054-000| L6-14054-000| 16-14054-000[ 16-14054-000
S EL RT40/40-180 73" 1ES | &7 | -F AT rwd | 18-14140-000| 10-14140-000| 10-14045-000( 10-14043-000 19-14054-000| LG-14054-000| 10-14094-000( 16-14054-000
TR ELT: RT34440/84-145 SLTLOW HGT (WO |2 | -6 5| AFT Foll | 16-14140-000( 16-14140-000| 16-14601-000| 16-14601-000| 16-14302-000| (E-14302-000( 16-14303-000( 16-14303-001
o |aok ETH 414 SLTLOW HET (WD |2 [ -5 B[ AFT FWD | 16-14140-000( 16-14140-000| 16-14041-000| 16-14051-000| 16-14302-000] (6-14302-000( 16-14303-000( 16-14303-001
20 [a0K RT3440/84-145 SLT MIDHET (WO | 48| -E B[ AFT Fol | 16-14080-000( 16-14080-000| 16-14051-000| 16-14081-000| 16-14302-000| (E-14302-000( 16-14303-000( 16-14303-001
21 |aok ETH 414 SLT MID HET WD | 4.5'| -4" PFT FWD | 16-14050-000| 16-14050-000| 16-14800-000| 16-14609-000| 16-14302-000| (6-14302-000| 16-14303-000( 16-14303-001
22 |aok ETH 402 51./55" waoo |3 |- PET FWD | 16-14043-000| 16-14043-001 | 16-14045-001| 16-14043-000| 16-14054-000| L6-14054-003| 16-14054-003| 16-12054-000
23 |40k ETM 402 EEM WO | 3" 3 BFT AFT 16-14049-000] 16-14049-001 | 1b-14045-002( 16-14049-000| 16-14054-000( L6-14054-003| 16-14054-002] 16-14054-000
B4 |d0k S0 al/568" WO 3| -3 AFT F4D 16-14049-000| 16-14043-001 | 16-14045-001( 16-14049-000| 16-14054-000( L6- [4054-002| 16-14054-002) 16-14054-000
LTS ETHZI105 £ 3 - | ] - PET - 16-14060-003| 16-L40E0-000 -—- -— 16-14783-000 | LE-147B3-000 —— —-
% [2ak ETH23105 g 3 - |a | - FFT - 16-14139-006| 16-14139-003 -—- -— 16-14763-000 | LE-147B3-000 —— —-
RS ETHZI105 FIEL - |3 | - PFT - 16-14065-002| 16-L4053-000 -—-- -—- 16-14763-000 | L6-147B3-000 -—— -—-
2 |2k ETH23080 £ 3 - |1 | - FET - 16-14060-000| 16-L4060-000 -—- -—- 16-14763-000 | L6- 147B3-000 -—— -—-
& |23k ETH2IBD 5.5 - e | - PFT - 16-14139-003| 16-14133-003 -—-- - 16-147E3-000 | 16~ 147B3-000 -—— -—-
|23 ETH2I0ED 4.3 - |3 | - PET - 16-14059-000| 16-L4053-000 -—- -—- 16-147E3-000 | L5- 14783000 -—— -—-
31 |23k R523-160,/23- 186 & 6,3 - | - #FT - 16-14661-000] 16-14661-000 - - 16-14783-000] L6-147B3-000 - -
32 |23 PE23-160./23- |66 I 5 3 - | ] - FFT - 16-14060-000| 16-L40E0-000 -—- -— 16-14783-000 | LE-147B3-000 —— —-
3@ (23 RE23-160/23- 166 iy 4 3 - | | - PET - 16-14140-000 16-L14140-000 -—- -— 16-14783-000 | LE-147B3-000 —— —-
T EED RI23-180 5 3 - |1 ] - FFT - 16-14060-001 | 16-L40E0-000 -—- — 16-14783-000 | L6- L47B3-000 — —
B |23k RIZ3-180 4 3 - | | - PFT - 16-14139-001| 16-L14140-000 -—-- - 16-14763-000 | 15-147B3-000 -—— -—-
& |a0K HT40-143 51./95/99° MO |3 3 FET AFT | 16-14049-000| 16-14049-000| 16-14048-000| 16-14049-000| 16-14054-000| L6~ 14054-000| 16-14054-000( 16-12054-000
7|40k HT40-143 51,/55/59" YES | 2" 3 BFT AFT 16-14140-000] 16-14140-000| 16-14045-000( 16-14049-000| 16-14054-000( L6-14054-000| 16-14054-000] 16-14054-000

If Drawings are no
longer available via
PartsPro/EZ Wiring
Use View CAD to
access.

Daimler AG

116



Diagram L16-14130 Axle Seats

e - L S EiEHE GEAT ANGLE |THICK SIDE OF SEAT
ANGLE| FWD | AFT |FWD AXLE | AFT AXLE
140K RT34/40/44-145:RT40/46-160/164 |51/55" NO | 3 | -5.5°|  AFT FUD
2 40K ETN 404 51/55" NOO | 3 | -4.5° | AFT FWD
340K RT34/40/44-145 3 404 59" NOO| 3 3 AFT AFT
4 40K RT40/46-160 59" NOO| 3 | -3 AFT FWD
5 40K ETN 461 51/55" NOO| 3 | -3 AFT FLD
6 40K ETN 461 59" NOO | 3 3 AFT AFT
740K ETNSUPER40/ 462 n 51/55" NOO| 3t | -4.5 AFT FLD
8 |40,20,21K |RS23-160/23-186 & TAG /T\ 3 NO |3 3 AFT AFT
9 |40,20K RS23-180 & TAG 3’ NO | 3 3" AFT AFT
10 |40, 20K ETN23105 & TAG 3 NOO| 3 3" AFT AFT
11 |40, 20K RS23-160/23-186 & TAG f/ﬁ\ 5 NOO| 3 AFT AFT
12 |40, 20K RS23-180 & TAG 5 NO |t 3 AFT AFT
13 |40, 20K ETN23105 & TAG 5 NO |t 3" AFT AFT
14 |40K RT34/40/44-145;RT40/46-160/164 |51/65" YES | 27 | -5.5 AFT FLD
15 40K ETN 404 51/55" YES | 2* | -4.5 AFT FLD
16 |40K RT34/40/84-145 2 404 59" YES | 2 3 AFT AFT
17 |40K RT40/46-160 59" YES | 2 | -3 AFT FLD
16 40K RT34/40/44-145 51" LOW HGT | N0 | 2° | -6.5 AFT FWD
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Driveline Adjustments Continued/Carrier Bearing Brackets

» If the front part of the drive train needs adjustment you may have to
select a different size mid-ship (carrier) bearing bracket.

» The different size brackets can be found in module 385.

» Drawings for mid-ship support brackets will usually include several
bracket lengths on the same drawing.

_B_
o g 265.9] 240.5 | 215. 1 | 189.7 |164.3 [138.9 | ‘G’ DIMENSION
— — — — — —
- 5.4 FEF = S = = £ = FREIGHTL INER LLC
o o o o o o
- —_ — - P — | THE INFORMATION CONTAINED HEREIN [S FROFRIETARY DATA, AND
< < < < < <C | 1S NOT FOR DISSEMINATICN OR DISCLGSURE, N WHOLE OR (N PART,
FOR ANY PURPOSE OTHER THAN THAT FOR WHICH [T [S SUEMITTED,
0] 0] o 10 3 (3| EXCEPT AS AUTHORIZED IN WRITING BY FREIGHTLINER LLC.
G w w w w w w
u O T O M O od O ~— 0O o (O | WATERIAL WFPROAL DATE
[} o o () o [ AJS 05/12/97 INLESS QTHERWISE NOTED, DIMENSIONI
S|l ol | ol S| o] & ol & ol S| ofrans prers AND TOLERANCES ARE DEF[NED ACCORDING
| - | . | - | - | . | - WJK 07/25/96 TO ANS] STAMDWRO YL4, SM-1982. WITH
ol wlel ool wlol wlol ol ¢l oot £ EXGEPTIONS PER FREIGHTLINER EJN SECT 307,
g m| sl w]l ol &l ol ol sl @] o)« @ reF 07/25/96 e wors o
c|lacloe|l cle| )l ol )l ol €] o| I =oesEsoEs ATE AVILE @ {E} HEABLRE
= | B | o | oy m] e | e | R K 07/25/96 | PROECTIN MM
ol ool o] ool oo ol ol ol o] ol | o | v e DATE MG BNRAURLH MENT DATE
L ol = =| =l =] =| =o| =l =| =] | =| =B 07/25/96 | B.GERKING 05/12/97
N i i i i i |
% D & < S < R 54 ~| SUPT-M/SHIP BRG,5.0 DEG AIR MT
1545 A, § s° = = = = = = | spnsem
3 e § : S 7 E ; § ; é ; § I ae ARY CESCRIPTIN 39201
se ) EE 1 B 1 1 BE =
|' E 3 = = = ITENTRAH IN] MLNEER FEVIBION LE TR | MNAMEER
SIE [ |[HS)E = [ S| >
( : = 1IZF I2F |'2F |E3F ['2F [¢3 09-10213 & 1or2
2 a1 =Z[.71[6] &7 2 I 2 | 1

Daimler AG Title of presentation / Department / Date 118



Manually Calculating Working Angles Without Software

» Positive and Positive = Subtract

» Negative and Negative = Subtract

» Positive and Negative = Add

Example: R
+3.3  -25 4441 § oM 4 szomm
+2.0  -11 -1.2 R 1 "
=1.3 =14 =53

1.9° Operating angle
4.9°

w
o

fransmission output yoke = |

_ : or -3.0° Transmission/driveshaft :
Forward driveshaft = | 4.9° 1.9° -Good cancellation of U-joint operating
angles (within 1%)
- roe 4.9° -Operating angle less than 3°
Fo'w‘:.':r:;:% 'gﬁggggﬁ ol 2'; or=3.2°  Driveshaftforward axle -Al leasl 1/2 of 1 degree conlinuous
; P L7 operaling angle operating angle
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Engine Vibration Excitations

» There are two basic excitations caused by engines

» Inertia pertains to balancing (mass) and vibrations caused by imbalanced
components.

» Combustion pertains to forces or firing related vibrations caused by
components flexing or possibly not firing equally.
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Engine Order Mathematics

Why Series 60 engine have vibration at certain orders?

The Series 60 is an “even fire” six cylinder engine. Every revolution of the engine
takes the crankshaft, rod, and pistons through a complete cycle. Thus, crankshaft
imbalance produces first order vibration. Other multiples of first order (279, 319,
etc.) are also produced by the rotation of the crankshaft due to the motion of the
pistons and rods.

Every two revolutions the cam/injector system goes through a cycle. Thus, the
cam drive produces half order vibration. Other multiples of half order (1.0, 1.5,
2.0, etc.) are also produced by motion of the cam drive.

Every two revolutions (720 degrees) a cylinder goes through a complete
combustion cycle (intake, compression, ignition, and exhaust), but this is an even
fire engine, so every 120 degrees (720/6) the combustion process repeats. Thus,
combustion produces 1/3' order vibration and multiples (1/6t, 1/9%, 1/12t order,
etc.).

The Series 60 engine has an air pump that produces vibration at 1.2 engine order
because it is driven by a gear train at 1.2 times the speed of the crankshaft. Other
gear train component order are calculated the same way.
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Engine Order Evaluation

» Engine 15t order is a balance condition check:

torsional damper
crankshaft
torque Converter e .ot Order Engine Speed Related Vibrations
flex plate
clutch assembly

Usually caused by something rotating the same speed
as the crankshaft that is out-of-round or out-of-balance.
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Engine /2 Orders

» 1/ engine order may indicate an issue with cylinder firing or other engine
accessory.

» If 2 engine order is displayed on the vibrate 5.1 graph the following
should be done:

= Perform cylinder cut out test to determine faulty cylinder. If test indicates
a problem with a cylinder further diagnosis will have to be performed to
correct the problem.

» Note: a camshaft with bad bearings can also cause V2 order issues.
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Engine 2" Order and Above Source Analysis

> Engine/exhaust vibrations; these types of vibrations especially relating
to fuel or high torque fall into the 4-4.5 order type of vibration.

> Check for good engine or transmission mounts and proper clearance
according to SB 01-78

> Check for exhaust shorting to cab (cab mounted exhaust is very
susceptible to this problem)

> Note: Exhaust noise and vibrations getting into the cab may require
extensive exhaust modifications and mounting changes
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Engine 2" Order and Above Source Analysis: Cab/Engine Mounts

» Always check for proper cab mounting and making sure the cab has good
Isolation.

» Engine, transmission, cab, and body mounts are transfer paths. A
transfer path can also be anything component that touches
(I.e. exhaust system, running board) the vibration source and the
responding component that the driver notices or feels. Whenever normal
engine vibrations are felt in the cab, the transfer path should be repaired

rather than the source.

\ o e ——, | 1
N ¥ / =\ \I\
%\ R \ I
A\ f / L\ | | S
A\ s ‘\ . /A \ Wil
\\ ,-,,I JHIN T.A 4 ./}' 'I‘I' e ) | )
N\ A & = J/ — N -\ 7
- — e — _’{ - S N\ 4 — "'T’/ 5
- = P \\ % e W\ '/\‘ 2
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S I~ o\ £5!
~ \ e \ A\". \ e - '
:;\ ; 4 \ \ _';.'} J J
> 4 \
— A \
™ \
0% /-/ L \ 230083
o A plastc credit card shouid sice easily to the
A The gap between the lowes isolator and e crossmember S 10 be about 0.05 nch (1 mm QIO DA ST TN ONSY Stmmet
- - F e 0
1. Engne Fromt Support Bracket 3. Frame Crossmember Reidhtion ' s d .
2 Upper isclator 4  Lower Isolator Fig. 3. Measunin @ the Gap (engine rear mount shown)

Fig. 1. Front Engine Mount and Isolators (typical)
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Engine 2" Order and Above Source Analysis:

» You can use the additional EVA sensor to check the mount isolation
by installing a sensor on both side of the mount. Compare the
readings to see if the isolator is doing it’s job by dampening. There

should be a noticeable reading before and after the isolator. If not the

Isolator may be grounding out.
f .*-. =

S

";:‘

Tuned Mass Absorber
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Engine Accessory Diagnostics

» |If a high amplitude is discovered and nothing lines up with the standard
graph there is a good possibility the source may be from an accessory on
the engine.

» To diagnosis this issue you must measure and enter the pulley diameters
from the engine’s accessories in the Vibrate 5.1 software.

» Provided Demo of Software

BFractionDecimal Equivalent

1716 00625

1/8 0.1250
316 0.1875

1.4 0, 2500

516 0.3125

inches Kl ] 0.3750
THM6 0.4375

Diameter 1,2 0.5000
9216 0.5625

G 06250

11416 0. BETA

34 07500

1316 0.8125

i) 0.8750

1516 09375
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Engine Accessory Diagnostics
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DD15/DD 13 Gear Train Ratios

Water Pump 14.8L = 2.22 RC 2N\ - gag)gg?{g
Water Pump 12.8L = 2.05 RC W/
Turbo Compound =26.64 RC N\ 2 dler 5
\dler 2 14.8L=0.86 RC ¥ . =045RC
Idler 2 12.8L = 1.00 RC,, ., Idler 3
Fuel Pump = =0SIRC
=1.50RC
4 96 Idler 4
Idler 1 BlePh— =0.75RC
=079RC " P
Air Compressor
=1.41RC \51 @ ST
’ & OISR
s / .
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DD5/DD8 Gear Ratios
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Sample Complete Vehicle Analysis Graph Vibrate 5.1 Software
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GHG 17 and Potential Driver Feedback on Vibration

» Asymmetric Injection is an engine control strategy used to increase
exhaust temperatures for ATS over-the-road regen functions on DD 13 and
DD 15. It is not used for parked regens. In involves the biasing of fuel
Injection quantity towards the rear cylinder bank (4-6). The amount of fuel
biasing, or “asymmetry” varies with speed and load, but primarily with
load. It can be as little as none, so equivalent injection across all
cylinders. It can be as much as full, so double fuel on rear bank (4-6) and
no fuel on front bank (1-3). A difference in sound will be perceived when
Injection is heavily biased toward the rear cylinders, but is not an
indication of issues. Customer education will be necessary. An increase in
vibrations at the 1.5 order of engine speed can be expected.
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Diagnostic Assistance and Service Related Bulletins

» Some Type of Vibration Analyzer (EVA) is a required tool for the
technician to analyze vehicle vibrations.

> TSN 31-01 Rev. A is for Western Star and labeled as a harsh rid but is
has information that addresses frame beaming.

» SB 01-78 is for checking Engine Vibration complaints.

» SB 32-31 rough Ride Diagnosis and measuring RF V
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Vibration Training Question # 1

VIN# N92199 Rear Axle ratio 3.42
Transmission Top Gear Ratio .73

Complaint: Vibration felt in drivers seat 55mph to 70 mph.

Speed RPMs Hz G’s Sensor Location
55 1200 8 .07 seat base
60 1500 10 10 seat base
65 1800 12 10 seat base
/0 2100 14 10 seat base

What is the conclusion?

List the steps to diagnose this condition.
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Vibration Training Question # 2

VIN# BKO156 Rear Axle Ratio  3.90
Transmission Top Gear Ratio .74
Complaint: Vehicle vibrates at speed range 45mph to 70mph.

Speed RPMs Hz G’s Sensor Location
45 1350 8 10 seat base
50 1150 8 14 seat base
55 1300 8 24 seat base
60 1450 8 27 seat base
65 1500 8 41 seat base
68 1515 8 31 seat base

What is the Conclusion?

What is the next step ?
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Vibration Training Question # 3

VIN#  BE2258 Rear Axle Ratio 3.90
Transmission Top Gear Ratio .74
Complaint: Severe Vibration felt in cab from 55 mph to 70 mph.

Speed RPMs Hz G’s Sensor Location
55 1400 32 16 seat base
65 1600 36 18 seat base
/0 1750 40 22 seat base

What is the Conclusion?

List the steps to diagnose this condition.
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Vibration Training Question # 4

VIN# BJ7900 Rear Axle Ratio 4.30
Transmission Top Gear Ratio .73
Complaint: Vehicle Vibrates 55 to 65 mph.

Speed RPM’s Hz G’s Sensor Location

56 1500 /0 .20 seat base
60 1600 /4 19 seat base
65 1750 80 22 seat base

What is the Conclusion?

List the steps to diagnose this condition.
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Vibration Training Question # 5

VIN# BJ6438 Rear Axle Ratio  4.89
Transmission Top Gear Ratio .65
Complaint: Vehicle Vibrates 45mph to 70mph.

Speed RPMs Hz G’s Sensor Location
45 1200 6 .03 seat base
59 1600 8 .03 seat base
68 1850 20 .03 seat base

What is the conclusion?

List the steps to further Diagnose this condition.
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Vibration Training Question # 6

VIN# 280340 Rear Axle Ratio  4.30
Transmission Top Gear ratio .67
Complaint: Vehicle vibrates 50 to 60 mph.

Speed RPM’s  Hz G’s Sensor Location
53 1300 32 .38 Frame Rail

57 1400 8 18 Frame Rail

61 1500 10 .20 Frame Rail

65 1600 40 .30 Frame Rail

What is the Conclusion?

List the steps to diagnose this condition.
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Evaluating Vibration Data

» Train your eye to look at:

= Sensor location: sensor readings not in cab have no pertinence
towards complaint validation. However the sensor can be moved to
isolate the source of vibration and can used to determine if a mount is
being properly isolated.

* High “G” readings: particularly the ones over .07g and a Hz of 20Hz or
below.

* Frequency increase with speed increase: natural component
frequencies mathematically increase with vehicle speed. Particularly in
the case of wheel ends, this knowledge will help you determine if you
reading is frame beaming.
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Component Speed Calculations

Tire Speed = Engine RPM
Trans Ratio x Axle Ratio

Driveshaft Speed = Engine RPM
Trans Ratio

Miles Per Hour = Engine RPM x 60
Trans Ratio x Axle Ratio x TRPM

Engine = MPH x Trans Ratio x Axle Ratio x TRPM
RPM 60
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Component Speed Calculations

Axle Ratio = RPM x 60
TRPM x MPH
Hz= RPM
60

RPM = Hzx 60
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Component Speed Calculations

> Tire-Revolution-Per-Mile Calculation

» To calculate tire-revolution-per-mile (TRPM): Lay a straightedge across
the top of both drive tires. With a tape, measure the distance from the
bottom of the straightedge to the ground in inches. Divide that number
into 20168. This will give you the tire-revolutions-per- mile.

» If the vehicle is equipped with new tires, you can subtract 'z of the tread
depth from your measurement and you will have an accurate TRPM
throughout the wear life of the tire
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