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Tribology Basics

Tribology is the study of friction,
wear, and lubrication of
interacting surfaces in relative
motion

Tribology results from the need
to know how interacting
materials and lubricants behave
under various Motions, Speeds,
Loads, and Environments

Tribology testing is designed to
mimic real world environments
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Typical Tribology Tests Model Description
Q
FER— Sliding Wear and Friction Behavior Between a
Ball/Pin-on-Disk e -\ Static Pin (Area Contact) or Ball (Point Contact) and
TS a Rotating Surface

Ball/Pin-on-Plate

Sliding Friction and Wear Behavior Between a Static
Pin (Area Contact) or Ball (Point Contact) and a
Linear Displacing Surface

e
M)
High-Pressure Lubricant/Grease Characterization
4-Ball @ . Test
S——e
Block Ri Sliding Wear and Friction Behavior Between a Block
OCk=0IEhng x and a Radial Ring (Line Contact)
S——F

Disk/Ring-on-Disk

Sliding and/or Rolling Wear and Friction Behavior
Between Two Disk or Ring Surfaces (Area Contact)
Sharing the Same Axis
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Tribology phenomenon in automobile

Automobile contains
engine, chassis, body,
electrical equipment.
Engine has fuel supply,
lubrication, cooling,
ignition, starting system.

Tribology phenomenon
can be found on the
counterparts with motion
or trend of motion. Some
of them benefit, whereas
some not.

The surrounding environment (ground , air) has friction with
automobile. The speed will also affect the tribology properties.
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Application Examples
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1. Friction and wear of piston and cylinder
2. Friction of clutches

3. Friction and wear of thrust washer

4. Adhesion of coatings

5. Anti-scratch of glasses

6. Hot hardness
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Application 1: Friction and wear of piston
and cylinder (ASTM G181)
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Piston is one of the most important parts of
engine, which contacts with cylinder airtightly.

* High requirements are needed for piston and
cylinder, such as thermal

conductivity, mechanical performance under
high temperature, good running-in and

good wear resistance.

Energy consumption in
combustion engine

]

Piston, 30

Mechanical,______..--""""
15 Barke, 25
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Application 1: Friction and wear of piston
and cylinder (ASTM G181)

Fx,N FzN
1000 r2000
500 r1500
0 r1000
-500+ r500
-1000 T T T . : : : 0
0 100 200 300 400 500 600 T00 800
Time,sec
0:00:00 0:01:16 0:02:33 0:03:56 0:05:18 0:06:41 0:08:02 0:09:23 0:10:44  (:12:02  0:13:17
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Application 2: Friction of different clutches

Co><)
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Screening clutch materials

* A. Concentric pattern; B. Diamond pattern; C. Square pattern.
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Application 2: Friction of different clutches B(I:aggn

Screening clutch materials (_><)

][I Static COF
I Dynamic COF

A. Concentric pattern; B. Diamond pattern; C. Square pattern.
COF: coefficient of friction
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Application 3: Friction of Thrust Washer
Setup
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Ambiance.
Acquisition rate: 7kHz

Run-in Test
, Load/N 50 50
ReCIPFOCBtan Frequency/Hz 1 1
driver ;
Stroke/mm 1 1
Wait time/s 0 0.1and 5
Duration/min 15 5

Overview
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Application 3: Friction of Thrust Washer
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0.5 [Static COF

| (I Run-in I 0.1s wait Il 5s wait
Dynamic COF

0.4 - Run-in 0.1s wait 5s wait

0.3

COF

0.2+

0.1+

0.0 -

1# 2
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Application 3: Friction of Thrust Washer
Sample after tests

Small pullouts and minor galling
seen around entire wear track,
both samples
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Application 3: Friction of Thrust Washer

BRUKER
Wear

LR M| 0
| _X:0.108 X:0.237
¥:0.194 ¥:0.194

M

zos [ z:01 | 0
|d%=0.933 mm, dZ--2.928 um, Slope=-0.00313826

+

4.70116 um I x1.0
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Application 4: Adhesion of coatings
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- Paints and films are coated broadly on automobile for protection,
decoration and other functions. Novel coatings are developping
continuously.

« Scratch test is used to measure the adehsion, anti-scratch and anti-
mar properties of various coatings complying with standards.

Scratch test

Basecoat
Primer

Metal/Body Panel
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Application 4: Adhesion of coatings
Scratch test following ASTM C1624 ( ><)

Overview
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Application 4: Adhesion of coatings

. BRUKER
Scratch test following ASTM C1624
Vs Ll R ML

« The red frame shows Fx changed suddenly, which indicates the failure
of coatings on piston ring. The spike of the acoustic emission confirms

 Adhesion is 5N.
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Application 5: Anti-scratch
Constant Load - Glass Samples

‘ll 3 o4 o4 o4 4o ) el dul o o
Specimen 1 Specimen 2

Tool: Knoop Indenter
Scratch Parameters: 5 mm at 50um/s; Load 4N (Constant)
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Hot Hardness
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Description of HBB Method an
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e Based on Rockwell Hardness method*:

10 kg minor load applied - Establishes Reference Position

50 kg major load applied - Results in permanent plastic deformation

10 kg minor load is re-applied and height difference from original loading is
determined

(Eliminates contribution from elastic deformation)

Calculation is based on: 100 - Aheight at minor load (in units of 2 um)

. . 32<—— .
e Designation as follows: HBB:;, Ball Diam. in mm

T Major Load in kg

e Al,O5 ball used for high temperature stability
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Example: Weld-Deposited Samples - As
Received
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Example Testing Images (various)
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Test Results: Tabular

Average and Standard Deviation of a minimum of 5 BRUKER
measurements per temperature
Sample ID RT 200°C 400°C 600°C 700°C 800
HBB SD HBB SD HBB SD HBB SD HBB SD HBB SD
1 92.9 1.5 93.2 0.9 90.4 2.9 91.4 0.9 92.0 2.7 82.0 2.8
3 88.7 2.1 87.0 1.4 86.1 1.5 84.9 3.7 83.7 5.2 81.8 3.2
4q 92.5 1.9 91.6 0.6 90.1 1.4 87.2 2.4 77.2 2.2 67.0 5.1
5 92.9 1.6 93.2 0.8 91.3 1.7 91.8 2.9 88.9 2.7 85.4 2.2
Sample ID RT 150°C 250°C 350°C 400°C
HBB SD HBB SD HBB SD HBB SD HBB SD HBB SD
2 92.9 2.7 92.4 0.7 94.3 0.5 92.8 0.5 94.4 0.5 93.3 1.5
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Results - Graphical: Samples 1, 3, 4, 5

BRORER
(Max Temperature 800° C)
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Results - Graphical: Sample 2

ahGRn
(Max Temperature 400° C) (>
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Data Example 2: Powder-Metal Samples

3.2
HBB;,

100

HBB;, vs. Temperature
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PM-A would be a
suitable substitute
for 304 SS at or
below 400° C

PM-B would be
better than 304 SS
up to 700° C, and
equal to Inconel
718 up to 600° C

Inconel 718 is best
choice at 800° C
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UMT TriboLab: R&D Tool for Tribology B(RUXKE7R

4 lower drives and 9 environmental chambers

REC-HUMID/COOL ﬁ

o ‘

REC-400

RECDRIV;

T

ROT-HUMID/COOL

L-DRIVE

ROT-1000

ROT-400

BOR-150

BOR-DRIVE
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Summary

Things to measure

Friction

Wear

Adhesion
(Coating and film)

Hardness

Modulus

Environment

High Temperature
1000C

Low Temperature:
-25C

Humidity
9-85%

Liquids/Lubricants
/Corrosion

Vacuum (10-Torr)
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Applications

Efficiency of
Mechanical Systems

Life Time of
Mechanical Systems

Material Screening

Lubricant Screening

CMP Process
Development
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Q&A
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