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Tannas & King Philosophy

¢ Produce the finest available equipment
¢ Solve critical problem areas in industry

¢ Training & consultation

¢ Bench test development
¢ Critical information production

¢ High correlation with engine tests &
fleld performance
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Industry Specifications

. China
ATE Industrial National
Oils Standard



SAE J300 Viscosity Classification

Tannas/King
Instruments
included in

J300

Low Temp. (°C) Viscosity, cP

High Temperature (°C) Viscosity

Viiﬁgny Pumping Kinematic (cSt) Kinematic High-Shear (cP) @ 150°C
Grade Cranking, Max. Max. (NYS) | @ 100°C Min. @ 100°C Max. D4683, D4741 and D5481
(CCS) (MRV TP-1)
oW 6200 @ -35 60,000 @ -40 3.8
5W 6600 @ -30 60,000 @ -35 3.8
10W 7000 @ -25 60,000 @ -30 4.1
15W 7000 @ -20 60,000 @ -25 5.6
20W 9500 @ -15 60,000 @ -20 5.6
25W 13,000 @ -10 60,000 @ -15 9.3 -- --
8 -- -- 4.0 <6.1 1.7
12 5.0 <71 2.0
16 6.1 <8.2 2.3
20 5.6 <93 2.6
30 9.3 <125 2.9
40 12.5 <16.3 3.5 (0W-40, 5W 40, 10W-40)
40 12.5 <6.3 3.7 (15W-40, 20W-40, 25W-40, 40)
50 16.3 <219 3.7
60 219 < 26.1 3.7




ILSAC GF-6 (A & B) Engine Oil Specifications

SAE J300 Multi-grade Oils:

CCS (D5293)

MRV (D4684)

KV @ 100°C (D445)

HTHS @ 150°C (D4683,
D4741, D5481)

SBT®/ Gelation Index (D5133)

Engine Test Requirements:

Qil Thickening (Sequence IIIH)
Sludge and Varnish Test
(Sequence VH)

Valvetrain Wear (Sequence IVB)
Bearing Corrosion (Sequence V)
Fuel Efficiency (Sequence VIE)
Chain Wear, Low Speed
Pre-ignition Prevention

ILSAC
Starburst & Shield

Bench Test Requirements:

Phosphorous % (D4951)
Phosphorous Volatility
(D8111)

Sulfur Content (D4951,
D2622)

Volatility (D5800 B/D)
TEOST 33C (D6335)
Filterability (D6794, D6795)
Foam Tendency (D892,
D6082 high temperature)
ROBO (D7528) or Sequence
IIIHA Test (D8111)

Shear Stability (D6709)
Homogeneity (D6922)

Ball Rust Test (D6557)
Emulsion Retention (D7563)
Elastomer Compatibility



OEM Engine Oil Specifications

Tannas/King instruments included in:

ILSAC, ACEA, IFC, dexos

_/



Tapered Bearing Simulator
(TBS) Viscometer

HTHS Viscometer
TBS 2100£-F

The instrument that opened the door to
understanding engine dependence on
high shear viscometry



High Shear Rate Viscometry - Automotive Oils

« Straight weight

« SAE 30

« No Viscosity Modifier

* Viscosity = Shear Stress/Shear Rate

« Multi-grade

« 5SW30

« Viscosity Modifier (VM)

* Viscosity decreased with increasing
shear rate (temporarily)



High Shear Rate Viscometry



High Shear Rate Viscometry
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High Shear Rate Viscometry



History of TBS HTHS Viscometer



TBS Viscometer Basics

« High speed rotation
3.5 micron gap (~1/30 human hair)

« Change shear rate (rotor position &
speed) during operation

« Constant temperature control
Electric « 40°C to 200°C £0.1°C

LT B A1 © Rapid temperature recovery
Heater between measurements

Precise
Temperature Control

RTD sensor ,
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TBS Rotor & Stator



High Shear Testing Fundamentals
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TBS 2100£-F



&

TBS 3000
HTHS Viscometer

Customer feedback and
advancing technology
lead to new redesigned
TBS model for
80°C, 100°C, and 150°C
operation.



High Shear Rate Viscometry

Dual-ring 40-position
Autosampler

Reduced sample

volume per test
(40 mL)

10 easily replaceable
Cal. Oil Containers

Remote Access via Ethernet/
Connection to LIMS




High Shear Rate Viscometry



High Shear Rate Viscometry

Integrated Custom
Temperature Control
System (80°C to 150°C)

No computer, DAQ
Board, reducing
Cabling

Auto Rubbing Contact

Custom LED lighting
based on operating
conditions




TBS Viscometer Models

Semi-Auto TBS 2100E-F
Full-Auto w/Manual Injection

Full-Automation TBS 2100E-F

New TBS 3000



TBS Industry Status

« 150°C at 1x10° reciprocal seconds
» JPI-5S5-36-03 (Japanese)

« 100°C at 1x10° reciprocal seconds
« Required for railroad engine oils & dexos™ specs.

« European method
« 100°C and 150°C operation at 1x10° reciprocal seconds
- SH/T 0618

» Referee Method = D4683,150°C at 1x10° sec -1
« ILSAC GF-1 to GF-6

* Chinese National Standards (Gas & Diesel)
 via SAE J300 & SH/T 0618



Advanced TBS Applications

Multi-Temperature Analysis

Multi-Shear Rate Analysis

Viscosity Loss Trapezoid
(Profile) - VLT




Multiple Temperature Viscometry

Viscosity, cP

40.00

Viscosity-Temperature Plot of Data for Three Oils

30.00 +
20.00 +

10.00 +

0.00

& Seriesl
| Series?2
A Series3

Power Curve Fit
R? = 0.998

R2 - o9y
R? = 0.999

Degrees Celsius

Smooth viscosity-
temperature data over
broad temperature
range



Multiple Shear Rates

Broad shear rate range:

-Evaluates properties
and types of VI
Improvers based on
their response to very
high shear rates



Comments or
Questions?



Oxidation Stability of
Lubricating Oils

Quantum® Oxidation Tester
RPVOT
TFOUT

Grease D942
Advanced Applications



Introduction — RPVOT

(Rotating Pressure Vessel Oxidation Test)



Introduction - RPVOT

(Rotating Pressure Vessel Oxidation Test)

Parameters
» Sample Size: 509 * 10 mL of water (oil sample)
e Temperature: 150C * Rotational Speed: 100 +5 rpm
* Initial O, Pressure: 90 psi * Rotational Angle: 30°
 Pressure increases to ~190 psi * Test monitored by Computer or
Strip Chart

» Copper Catalyst Coil
* Pressure drop of 25.4 psi signals end of test (Break-point).



Introduction - RPVOT

(Rotating Pressure Vessel Oxidation Test)



Introduction - RPVOT



Quantum® RPVOT Oxidation Tester



Quantum® RPVOT Oxidation Tester



Grease Oxidation Testing (D942)



Quantum® Industry Status

« IP229; SH/T 0193
« RPVOT -- Oxidation stability of Turbine Oils

« Oxygen Stability of inhibited mineral insulating oils
« 140°C @ 90 PSI oxygen & all other D2272 parameters

« TFOUT -- Oxygen Stability of engine oils

« 160°C @ 90 PSI oxygen
« TFOUT Catalyst Package (Metal & Fuel Catalyst, Water)

« Oxygen Stability of Grease
» 99°C @110 PSI oxygen
« 20g of grease in 5 glass dishes (4g per dish)



Advanced Quantum® Applications



Sample Extraction/Injection Device



Available NOW!

Quantum® Pro

Oxidation Stability of
Lubricating Oils



New Quantum® Pro

Automated Fill and Purge Control

Integrated Water Calibration

Live Graph of Test Data

Integrated Sample Temperature Probe

Lower Power Usage (20 - 30%)

USB Ports to Transfer Records to Flash
Drive or PC

Automated Test Report Submission
Over Ethernet




Comments or
Questions?



Foam Tendency
& Stability of
Lubricating Oils

Tannas Foam A/r Bath

TFAB



Introduction



Tannas Foam A/r Bath



TFAB
Overview

Touchscreen
Controller



TFAB Parts

Diffuser
Stones
w/Centering
Ring

Diffuser Stone
with Certificate



Recommended TFAB Testing Order

Same Sample (pulled
and cooling while
running Seq. I)

Sequence III
24°C

Sequence ] 94 mL/min

24°C
94 mL/min
Sequence II

93.5°C
94 mL/min

Sequence IV ] o
150°C Maximum Efficiency

200 mL/min



TFAB Industry Status

« Foaming Characteristics of Lubricating Oils
» Sequence I, II, ITT (24C & 93.5C)

« High Temperature Foaming Characteristics of Lubricating Oils
» Sequence IV (150C)

« Foaming Tendencies of Engine Coolants
« Foaming Tendencies of Non-Aqueous Engine Coolants

- GB/T 12579 = D892
« SH/T 0722 = D6082
-« SH/T 0066 = D1881

« Many other industry specifications



Comments or
Questions?



Engine Oil
Volatility...

w/Expanded
Capabilities

Tannas Noack S2°



Noack Volatility Test

Evaporation loss Evlapcélratlon
Impacts eads to

Where high Evaporation
temperatures occur, leads to



Oil formulators have
long-since recognized
the value of determining
the volatility of
automotive lubricants.

This test used Wood's
Metal as a heat-transfer
medium - a toxic
substance which had
carcinogenic properties — a
seriously negative factor.

However, the only test
considered sufficiently
meaningful was the
Noack test that had been
developed by Dr. K.
Noack in the 1930s.

Despite this, in the mid-
1990s it became an
ASTM Test Method and

thus a standard in
choosing base stocks and
finished lubricants.

Noack
History



History



Noack Volatility Test

ASTM D5800
Sample Size 65 grams
| Operating Temperature | 250°C
Vacuum Control 20 mm of H,O
| Test Time | 1 Hour

Result % weight difference




Noack D5800 Volatility Test

Wood’'s Metal Procedure B Noack S2° Selby-Noack
Procedure A (Procedure D) Procedure C

Tannas Noack S2° = Included as D5800

Procedure D
(matches Procedure B results)




Tannas Noack S2° Volatility Test



Volatilized Material Analysis

Clean Coalescing Filter After Test



Tannas Noack S2° - Parts

Reaction Vessel Assembly



Tannas Noack Industry Status

* Procedures A & C correlate (Annex). Procedure B & D
correlate — and to Procedures A and C with correction factors.

« SH/T 0059 Chinese Standard

SJ) | SL | SM | SN | SP Categories
15% Spec limit

GF-2, GF-3, GF-4, GF-5+, GF-6 (A&B) Specifications
15% Spec limit (Proc. B or D only)

Fully accepted and included in early 2022.

Gen 1 & 2 = 13.0% limit (avg. of 3 runs)
Gen 3 = 12.5% limit (avg. of 3 runs)



Expanded Capabilities

Historically, 250°C was
intended to expedite
the test. Recently,
industry members are
realizing this
temperature may be

too high with

questionable
correlation to engine
oil consumption for
modern engines and

EV powertrains.

Industry partners
have been working
with Savant Labs to
test at a variety of
temperatures and

times.

Recent data has
shown that 150°C is
the average
temperature for
critical engine areas.

OEMs are
considering Noack
testing at 150°C @
12 hr. run time for

future

specifications.




Comments or
Questions?



Low Temperature
Behavior
of Engine Oils

Pumpability

Gelation Tendencies

ASTM D5133
SH/T 0732

ASTM D4684
SH/T 0562



Low Temperature Behavior

Low-temperature

STARTABILITY

Modern Engine designs,
fuel injection

is a problem of the

PAST



Low Temperature Pumpability Failures

¢ Too viscous to pump (milk-shake w/straw)
. ¢ An inconvenience

¢ Viscosity reduced by increasing
temperatures

¢ Combination of gelation and viscous flow
@ Structure (component nucleation/crystallization)
¢ Can occur at any low-temperature

¢ Catastrophic to operating engine




Air-Binding Behavior

. When ol
Low-Temperature Engine Tests GELATES
in the sump,
Air-Binding' Process the OIL PUMP
Oil supply lines to draws a COre of The OIL PUMP
valve-train and crankshaft structured oil becomes
Air entrained in lines

Atmospheric forming an

Pressure AIR TUBE ENGE:TIVN]»!

causing

< ENGINE
FAILURE

Fﬁ‘#‘i‘ﬁ‘-r»_ 2
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Low Temperature Pumpability

¢ Mini-Rotary Viscometer (16hr cooling)
¢ Correlated to cold-room engine tests (BPT)

¢ Thought D3829 could predict low-temp
pumpability of engine oils

¢ Massive field failures in Europe &
North America

¢ D3829 not correlative to natural
cooling cycles




Low Temperature Pumpability

e Imitated field conditions

¢ Exact cooling condition to pre-set the
gelated oll structure

¢ Became ASTM D4684
¢ SAE J300 | eventually ILSAC GF series

¢ TP-1 conditions the sample using a
variable programmed cool rate (45+hrs)




King MRV TP-1



Scanning Brookfield Technique (D5133)

The SBT®
Provided:

SCANNING BROOKFIELD
TECHNIQUE (SBT®)

¢ First pumpability
bench test to
correlate to
field failures

¢ Forced oils to gelate
(if they would)



SBT"

ASTM D5133

Scanning Brookfield Rotor/Stator Cell

~To
Viscometer
Head

yi; 0.3 RPM

Shear Rate:
0.20 1/sec

N

™~
L

Glass Stator
(I.D. 22.1 mm)

Rotor

/ (Length: 65.5 mm)

Sample
Fill line
(~20 mL)




SBT"

=

ASTM D5133



SBT”® (D5133 & D7110)

Comparison of Viscosity-Temperature Plot of
Non-Gelating and Gelation-Prone Engine QOils

Flow-Limited
viscosity related

behavior
o
i
® Non-Gelated Gelated
$ Engine Oil Engine Oil
£
= Exposes more
3 subtle
2 ) ) )
S air-binding
Initiation of tendencies

Gelation of field-failing oils.

Un-Gelated Engine Qil

Temperature, °C




SBT”® (D5133 & D7110)
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Gelation Curves of the Non-Gelating
and Gelating Oils

Gelation Index:
22 at -14.3°C

Gelated
Engine Oil /

Non-Gelated
Engine Oil

-15

Temperature, °C

Obtain the

Gelation
Index*

to measure the
degree of
gelation.

* The first derivative of the
MacCoull, Walther, Wright
equation



SBT"

D5133
D7110

Most complete
analysis available on
engine oil

pumpability.



SBT® & MRV



(2) SBT® Instrument Models

Direct Cool II

SBT+2 Multi-purpose Bath



Direct Cool Il

SBT®
(D5133, D7110)

Low-Temp Viscosity
(D2983, Procedure D)

Customer feedback and
advancing technology
lead to new redesigned
Direct Cool Il model.



Direct Cool II

Thermal Electric Cooling (efficient, more robust, no
refrigerants)

All Digital Output

Automation Package (up to 4 units)

Touch-screen Controller (easy navigation
of test parameters)

Self-Contained Pre-Heating to 90C

Eliminate DAQ Board, Universal Power

Multi-Purpose: Automated D2983, Procedure D




SBT +2 (multi-purpose bath)

Multi-Purpose Low-Temp Bath

Programmable & Manual Control

Cooling to -70°C

Insert Modules for each Test

ASTM D5133, D7110, D2983, D445, D97, D2500




SBT +2 - Other Test Insert Modules

D2500, D97 D4684
Cloud & Pour Point Mini-Rotary Viscometer

D2983-Procedure C D445
Brookfield Viscosity Kinematic Viscosity



SBT® Industry Status

« D5133 = cooling profile: 1°C/hour from -5°C to -40°C
« D7110 = cooling profile: 3°C/hour from -5°C to -40°C

- SL

-SM SP } Engine Oil Categories
« SN

« General Motors specification
« GF series Passenger Car Specifications

« Chinese National Standard
« SH/T 0732



Low Temperature Behavior of Engine Oils

Low-Temperature Viscosity Testing

(formerly known as Brookfield Viscosity)

ASTM D2983, Procedure C
IP 267
DIN 51398



Low Temperature ATF Pumpability

Low-Temperature Viscosity

« Automatic transmission failures in
cold temperatures

« Auto manufacturers began low-
temperature studies

» Procedure written and accepted as
ASTM D2983

« Balsa wood block & cold Air cabinet

« Samples removed & tested with a
rotational, bench-top Viscometer
(Brookfield originally used)

Image: © ASTM D2983-15, pg. 4



Liquid Baths with Tannas SimAir® Test Cell

« Tannas developed and
patented the SimAir® Test Cell

« Used in a constant
temperature liquid bath

« The SimAir® Test Cell led to
dramatic improvements with:
* Test Operation
 Usability
A modified stator incorporates: * Precision
» A thin, gas-filled Dewar section

» This modulates heat transfer (cooling
rate) from test fluid to liquid bath



SimAIr® Test Cell 'Dewar stator cell assembly

Innovation for ASTM D2983 Metal Alegine
coupling d
suspen
rotor and
block air
No duplicate sample runs required. Composite
plastic
rotor
Simply set the liquid bath at the desired
final temperature. .
Fill line
GaS'_ _
‘ ‘ containing
Insert sample for 16-hour exposure. Dewar
Oil section
>
~ i

Smple




BLB Innovation
SimAir® Test Cells

Provides proper sample temperature
control

Used exclusively in King BLB or Tannas
SBT+2 liquid baths

Each Test Cell has its own independent

cooling profile

Each cell can be added or removed
from the bath at any time

Increased productivity and accuracy
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Low-Temperature Viscosity (i vaths - Liquid baths - simAir®)

Programmable

Air A.ir t.O Liquid SimAIr®
Liquid Bath Test Cell



Liquid Baths with Tannas SimAir® Test Cell

King
BLB Liquid Baths

Holds up to 12 samples
Broad Temperature Range

(£0.1°C control)

BLB 701;: +30°C to -40°C
BLB 702: +30°C to -70°C



King BLB-DIN Liquid Bath

=

Meets ASTM D2983 & DIN 51398

Constant temperature for ASTM (SimAir®)

Programmed for DIN (1°C/min) (Single wall stator)

+30°C to -55°C
Holds up to (12) samples




SBT+2 with D2983 Insert

SimAir® Test Cells

Holds up to (8) samples



Comments or
Questions?



Improving Prediction
of Deposits

High Temperature Deposits

TEOST® 33C
TEOST MHT®

TEOST® Dual/

TEOST Turbo® EETIR

(3 tests, 4 models)




TEOST® 33C for Turbocharger Deposits

Savant understood

DEPOSIT
CONDITIONS

fall into two
categories =

Cooperative
efforts with

CHRYSLER
Corporation

1: Precursors at
high-normal
engine temps

2: High temp
deposit-inducing
zone

Development
of bench test
to predict the
DEPOSIT
PROTECTION
of an oll



TEOST® 33C for Turbocharger Deposits

° Exhaust heat from
turbine shaft (600-700°C)
IS absorbed by the
engine oil pumped
through the bearings.

° Earliest stages of coking
occur just after the
engine is shut off.

°* Heat damages the oll
when engine oil circulation
IS stopped causing
deposits to form, blocking
oll passage and leading to
failure.

Cut-away Schematic of

CoKing
Fone ™|

Heat
Bleer

Exhaust

Turbine
Side

Turbocharger

il In b

Compreszar
Side




TEOST® 33C for 7urbocharger Deposits



TEOST® 33C Cyclic Heating Conditions

TEOST 33C Temperature Profile
600
. 500 |-
Depositor Temp.
O 400 -
)
=
© 300 |-
©
Q
5
= 200 |- —
100 e — — e e e
o Reactor Temp.
0 I l |
0 ' 5 10 - 15 20
Time, Minutes




33C Operating Parameters

PARAMETER VALUE

Total Oil Volume 116 mL
Oil Pumping Rate 0.40 g/min
Reactor Temperature 100°C
Moist Air Flow 3.5 mL/min
N,O Flow 3.5 mL/min
Iron Naphthenate 193 microliters
Position of controlling ~70 — 75 mm from
Thermocouple in Rod top of Rod




TEOST® 33C Industry Status

« Part of ASTM Test Monitoring Center Program

« GF-2, GF-5+ & GF-6 Engine Oil

Specifications
« GF-2 =60 mg; GF-5+, GF-6 = 30 mg
* SJ, SN & SP categories for engine oils
« ASTM D4485

« SH/T 0750



Development of TEOST MHT*



TEOST MHT® for Engine Deposits



TEOST MHT®



MHT® Operating Parameters

PARAMETER VALUE

Total Oil Volume ~85¢
Oil Pumping Rate 0.25 g/min
Operating Temperature 285°C
Test Time 24 Hours
Dry Air Flow Rate 10 mL/min £0.2
MHT® Catalyst ~0.0131 g/g of Qll




TEOST MHT® Industry Status

 Part of ASTM Test Monitoring Center Program
e GF-3, GF-4aGF-5+ Engine Oil Specifications
* 35 mg limit spec in GF-5+

* SL, SM &SN categories for engine oils
« ASTM D4485

- SH/T 0834



Updating the Turbocharger Bench Test



TEOST Turbo®: Experimentation & Design

The TEOST Turbo Bench Test incorporates the following design:

Ya the sample size, increasing
exposure to the reaction vessel
and rod temperatures.

Reversed the direction of flow
down the Depositor Rod to
increase oil contact.

Used a wire-wound Depositor Rod
to control oil exposure time and
amount.

Reduced operating temperatures.

Removed Nitrous Oxide gas.

Modified cyclic temperature
exposure.

Redesigned glass mantle for
controlling volatile movement
within the test.

Added moist air flow over the
Depositor Rod.



TEOST Turbo®: 7est Fquipment %‘b

\>



TEOST Turbo®: 7est Parameters

Parameter

33C

MHTe

Turboe

ASTM Method # D6335 D7097 D8447

Rod Type Non-Wound Wire Wound Wire Wound

Total Oil Volume 116 mL ~85¢ 30 mL

Catalyst 6% Fe Naphthenate | MHTe 6% Fe Naphthenate
Gas Induction Location | Reservoir Upper End Cap Upper End Cap

Oil Flow Up the Rod Down the Rod Down the Rod

Rod Temp. (Peak) 200°C to 480°C cycle |[285°C 290°C w/320°C pk
Reservoir Temp 100°C N/A 100°C

Test Duration <2 Hours 24 Hours 18 Hours




TEOST Turbo® Industry Status

« ASTM method approved in 2022.

« Being considered for industry
specification limits.

TEOST® Depositor Rods

33C; unwound
MHT/Turbo: wire-wound



Comments or
Questions?



EV Lubricant Tests %, %

Conductive Deposit Test
(TanEV CDT)

Wire Corrosion Test
(TanEV WCT)

10" (25 Mea cm)

The CDT and WCT data enables a holistic view of the corrosion process and provides the

Brief Introduction

assurance that lubricants which perform well in these tests will be less likely to suffer real
world failures in the electrical devices they are supporting.




Conductive Deposit Test (CDT)

CDT provides a quantitative measure of conductive deposit
or conductive film formation as a function of time and
temperature.

Evaluates the potential risk of hardware failures caused by
the deposition of conductive corrosion products on
electrical components.




Conductive Deposit Test (CDT)

CDT provides a quantitative measure of conductive deposit
or conductive film formation as a function of time and
temperature.

Evaluates the potential risk of hardware failures caused by
the deposition of conductive corrosion products on
electrical components.

Specially designed PCB with gaps between copper traces,
powered by a 5v DC signal, supplied to the voltage loops.
Resistance is tracked during the duration of the test.

PCB lowered into the 20 ml of test fluid at 150C for 500+
hrs. with both liquid and vapor phases being measured for
the rate of change in resistance.




Conductive Deposit Test (CDT)

Failing Board

CDT provides a quantitative measure of conductive deposit
or conductive film formation as a function of time and
temperature.

Evaluates the potential risk of hardware failures caused by .
the deposition of conductive corrosion products on Passing Board
electrical components.

Specially designed PCB with gaps between copper traces,
powered by a 5v DC signal, supplied to the voltage loops.
Resistance is tracked during the duration of the test.

PCB lowered into the 20 ml of test fluid at 150C for 500+
hrs. with both liquid and vapor phases being measured for
the rate of change in resistance.




Conductive Deposit Test (CDT)

Example CDT Test Response
1,000,000,000

100,000,000
10,000,000 k_
1,000,000 w
100,000

10,000 e (1| REsistance

. \kr-w\-"ﬂ"-:ﬂ #.*r‘ Vapor Resistance
100 ' Ul 1

10
1
0 100 200 300 400 500 a00 700 g00 200 1000

Time (Hrs)

Resistance {Ohms)

- 4-hour moving average of resistance drops below 50,000 ohms
- Qil fails in Liguid phase at 490 hours
- Qil fails in Vapor phase at 370 hours



Wire Corrosion Test (WCT)

Motor windings / Gaps /
Connections and Circuit Boards

» Wide temperature

Oxidation and the ensuing chemical reactions can cause
range (80C — 150C)

depletion of critical copper components such as motor
windings and interconnects in the EV powertrain.

 Vapor corrosion is
a concern



Wire Corrosion Test (WCT)

400 mL sample,
1 m of Cu wire
(64 pm diameter)

Oxidation and the ensuing chemical reactions can cause
depletion of critical copper components such as motor
windings and interconnects in the EV powertrain.

Nominal conditions are 130C at 72 hrs. with a constant
current applied to the test wire. Test temp and duration can
be varied to determine corrosion rate as a function of
temperature and time.




Wire Corrosion Test (WCT)

Copper Loss
(Angstroms) VS.
Time



CDT & WCT Industry Status

- Both have open working groups in
Subcommittee D02.09. Methods
expected in late 2023.

« Written as US Army MILSPEC/FTM and
awaiting approval.

« Global EV specifications are being
developed via industry OEM groups.

e Included in SAE J3200 for electrified
drivetrains.



Tannas Instruments



King Instruments



Thank You
for your attention!
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