Michigan Scientific Corporation
High Resolution Wheel Torque Transducer System

Model: TW128HRMSS800

For Cars, SUVs, & Light trucks

w MICHIGAN SCIENTIFIC

corporation May 2020

Revision 21



Technical Support

For technical support, contact Michigan Scientific Corporation.

Michigan Scientific Corporation

Milford, Ml Location
321 E. Huron St.
Milford, M1 48381
ph: 248-685-3000

Charlevoix, MI Location
8500 Ance Rd.
Charlevoix, M1 49720
ph: 1-231-547-5511

http://www.michsci.com/

mscinfo@michsci.com


http://www.michsci.com/

Table of Contents

TECHNICAL SUPPORT .....ctuiitteertenerencreescrescenscressesnsessssessssssssessssssnssssssssnsesssssssssssssessssssssessssssnsessssssnsssassssssssassesnsessssesnsssansesansns 1
[\ 2 {0 01U Lon 1 [0 FS PR 4
SPECIFICATIONS ....cceeuuuieetrttteeenesieeereeeenesssseeesseessssssssssesessssnssssssssessssssssssssssessssnssssssssssssnnsssssssssssssssssssssesssssnnssssssessessnnnnsssssssenns 5
IMIASS OF COMPONENTS, TYPICAL....ccucttuieienereeerenereenerencrensersscssssesssssssssssssssnsesssssssssssssssnssssssessssssssessssssssessssssnsessssssnsessssssnsenns 5
SYSTEM COMPONENTS ....ccuiieeieenereenerenereenceesceeeseresssssserssssssssssssessssssssesssssssssssssesssssessessssssssessssssnsessssssnsssassesssssassesnsesassesnsssnnne 6
TRANSDUCER ..veetitcsssieessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesssssssssesssessssassssssstesssssssssesssesessssessessbessssssssssebassssasessssatessssassssessbesssssssssssatansssassaes 6
TW2 ELECTRONICS .ucurturteussssesssssssssssssesessssasesssssssesssssstesssssssesssssssssssssssssssssssssssssssssssssssssssssasssssssessassstesssssstessnssstessnssssessrssstesssssassssessassssssassssssassssassnas 7
AMPLIFIER, SLIP RING, AND WHEEL ADAPTER PLATE ..ottt ss s sssssssbsssssssssssssssssssssssssssbassssssssssssbssessssnssssssssssssnsssssssssans 7
SIGNAL CABLE...cuvtiteuesssessssssssssssssssssssssssesssssssessessssssssssssasssssssssssssssssssssssssssssesssssssessassssessassstessassstessessstessrssesessnsssssssesesssssssessssssassassstessnssstessnsestassnsastessnes 8
POWER CABLE ..ucuvtiititssssssesssessssssssssssssssssssssssssssssassssssssesssssssssssssasssssssssssssessssassssesssesssssssssssssesesssssssesesasessssnssesssesesssssssesasesansssnssssssesessssnssssssassnssssssnssases 8
OPTIONAL ANALOG SIGNAL BREAKOUT CABLE ..tetuiuetisessssisessssssssssssssisssssssssssssssssesssssssesssssstesssssssesssssssssssssssssssssassssssssssssssessssstasssssssasssssssessssastessaes 9
ETHERNET CABLE ..ccuitetitissinsssessssssessesssssssssssssssessssssssssssssssssssssssssessssassssssssesassssssssssbesesssssssssssessssassssssssesessssnssssssasasssssssssssesassssasssssbasessssssnssstasensssssssassases 9
CAN BUS CABLE...uuitiiinesesssisssssssssssssssssssssssessssssssssessssasssssssssssssssssssssssssssssssssssssassassssassassstassassstesesssbessssssessnsssssssssessssssesssssstessassebassassstessasestensnsantessnes 9
TW?2 GROUNDING CABLE ..vcuititessisesssssesssssssssssssssssssssssssssssssssssssssssssesssssssssssssessssassssssasessssassssssssesssssssssssasessssassssssssessssassssssssesssssssssssssassssssssssasasssans 10
COLLET LUG NUTS ttstttensssssssssesssssssssssssssssssssssssssssssssssssesssssssessassssessasssbessasssbessessssssssssasssssssessssesssssssassssnssasassessassssussessssssssssssssassasssbessassssassasanss 10
HUB ADAPTER ottt ssss s sss s bs s s b ssss b ssss s ssssbesassssss s bessssns s besssssssssssbesessssnssessbasasssssssssbasessssnsssssbasesssssesssasenssssssnssane 11
RIM ADAPTER cocstitcestssesssssssssssssssssssssssssssssssssssssesssssssssssssssesssssssassasssbessasasbessesssbessesssbessssssessssssessssessssssassssassasassssesssssssassssssessasstassasstansssestassasanse 12
MUVSR o s b bbb R bR R b E R R AR R bR AR R AR b eR A AR RS E R AR e AR R R AR AR bR R bR R bRt E R bR AR 13
RESTRAINT ROD .ttt ssssssssssssssessssssssssssssbessss s bessssssbessssss s sasssbessesssbas s basssss s sssesessnssasessnssasassessesssssssssssssessassssassassstensssestassssanse 13
ASSEMBLY INSTRUGCTIONS .....coneiiiiiiieeeenneeeeeeeeennssseeeseeesnnssssssssessssnssssssssssssnnssssssssssssnnsssssssssssssnnsssssssssssnnnssssssessssnnnnssssssssnnns 14
BEFORE ASSEMBLY ...utteiuititiesisssssissssssssssssssssssssssssssssssssssssssssssssssssssssassssssssssssssssssssasssssssssssssesssssssssssssesssssssssssssasesssssssssssasssssssssssssasesssssssssstassssssssssnssane 14
ASSEMBLY .oucteuireisesssssessssssssssssssssssssssssssssssssssssssssssssssesssssstessassstessassstessessssasssssssassssesssssssasssssssasssssssessssissesssssstessassstes asasbessesasbessesastesssssssssassassssanasans 15
VEHICLE INSTALLATION c..uttetuititiscsssssssssssssssessssssessssessssssssssssasssssssssssssssssssssssssesesssssssssssasessssasssssasesssssssssssssessssasssssssessssassssssasassssssssssesassssssssassatasssans 17
CABLE CONNECTIONS .outtuitstiasnsssessssssssssssssessssssasssssssssssssssssssssssssesssssssessasssses assssessessstessessssessssssessssssssssssassssassasasssssasssssssssssssssassssssassssssasssssstassssanss 19
TW2 OPERATION. .....uciiiiieeteennieeeeeeeeennsseeeeeeeeennsssssessssessnsssssessssssssnsssssssssssssnsssssssssssnnnssssssssssssnnssssssssssssnnnsssssssssssnnnsssssessesnnnnnne 20
INTRODUCTION w.vuttiurtecsesssssesssssssssssssssssssssesssssssssassssesssssssessassssesssssstessessssessessssasssssssasssssesssssssasssssssassssssasssssesesssssssesssssstessnsastensassstessassstessnsassessssasans 20
LIGHTS AND CONTROLS ..uettteetiteessssesescsissssssssessssssssssssssssssssssssssssssssssssssssssssessssssssssssesasssssssssssessssssnssssssesesssssssesssasessssessssssassssssnsssssasesssssssssssasesssssssassane 21
POWEE SWIECH ettt ettt ettt ettt ettt ettt e e et e s et e s e e e s e s e s e e e s e s e s e s e aesaseseaaasaesasasasssasasasasasesasesasesasasesasasesesesssesasesesesesesesesesens 21

p =] (o TR RON 21

R 1177 1 SRR 22

1Y [ o L= 2 22

LT o o T=0 oo . =T U UUPPUN 22
W= o] 1o I 1 Lo Yo L= S 22

FQUIT ettt ettt ettt ettt ettt e e s e e e e e e e e e et e e s e e e e e s e s e e e e e e e s e e e seaaaasasaaaaasasesasaaaaasasasaaasasaaesasaaaaataeeaaaaaeeeeeteeeeerereres 22
20X 1 [ SRR 22

(000 YT T=Tor e TP TP 23
(00 TV 81T T T=1 SR 23



CAN BUS SiGNQAI QUEPULS. .......eeeeeeeeeeetee ettt e et e e ettt e e et a e ettt e e e s atteaeaste e e e ssesaeaasseaeaassesaaasseaaaassseaeensssassanssaasnssanannnns 23

ANALOG OUTPUT CHANNEL SENSITIVITIES....cueeueeusesseesseessesssessesssesssessesssssssssssessesssesssesssesssssssssssssssssesssesssesssssssssssssssssssssasssesssesssssssssssssssssssssssssesssesas 24
OUTPUT CHANNEL; OFFSET AND SENSITIVITY FUNCTION TABLE ... tcuusteeserermsesesssesssssesssssesssssessssssssssesssssesssssesssssesssssessssssssssssssssesssssesssssesssssessss 25
IMULTIPLE TW2S ..o tieeresiesceseessesssesssessessssssssssessesssesssesssessssssssss s es s ss s a8 s8££ e8RS E SRR SRR AR E SRR RS R AR R AR R 26
POWER REQUIREMENTS.....ccuuutetsseresssesssssessssessssesssssesssssessssasesssesssssesesssesesssesesssesssssesssssesssssesssssessssssssssesssssssssssesssssesssssesssssessssssssssesssssesssssasssssessssassssnans 27
ZEROING IMIODES ......ccuuiiiiiiiiienniiiiiiininessisssiiisssssssssssismssmsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 27
L. TARE ZERO ..coreueeueeseesssessesssesssessesssesssesssessssssesssessses sesssesssesssssssssssssssssess sesssesssesssesssssssssssssaessesssesssessssssessassssessesssesssesssesssesssssssssssssssssesssasssesssessasssssasesns 27

2. SPINNING ZERO ..uetuseeeesseessseeesssesssssesssssessssesssssesssssesssssessssasssssesesssesesssesesssesesssesssssesssssesssssesssssesssssessssssssssssssesssssesssssesssssessssssssssesesssesesssesssssesssssassssnans 28

3. SPINNING ZERO ON THE ROAD ...tuuiuieueesserssissesssessessssssesssesssesssessssssssssssssss s s ssse s b s s s a8 £s s s8R RS eesebebnbn 29
FACTORY CALIBRATION.....cccuuiiiiiiittiteniiiiiiittteeeiiiiiiietssesssiissiieessssssssssteesssssssssssstessssssssssssssesssssssssssseesssssssssssstesssssssssssssesssnnes 29
SHUNT CALIBRATION SEQUENCE.....esteutiteesssssessssssessssssssssssssssssssssssssssssssssssesssssssssssasesssssssssssesesssssssssssasessssassssssasesssssssssssasessssassssssasesssssssssssassssssssnns 29
WEB PAGE CHANGEABLE PARAIMETERS .......oititiiiiiiiiiiiitiiiiiiieetieeiiisiieeesesssiiessieessssssssssssesssssssssssssesssssssssssseesssssssssssseees 31
TW2 SERIAL NUMBER ....ccuutttuseesssseessseesssesssssesssssesssssesssssssssesssssesssssessssssssssasssssesesssasesssesssssesssssesssssesssssesssssesssssssssesssssesssssessssesssssesssssesssssasssssesssssasssans 34
FULL SCALE VELOCITY w.ouuuutuutseessesseessesseessesssesssesssssssssssssssssesssesssesssesssssssssssssssssesssesssessssssassssssssssssssesssessse sesssssssssssssssssesssesssesssssssssssssssssssssasssesssssssssae 34
ANALOG OUTPUT RANGES ...cvuueeeuseessseeesssesssssesssssessssesesssesesssesesssesssssesssssesssssasssssesssssasssssesssssssssssssssssssssesssssesssssesssssassssssssssasesssesesssesssssesssssasssssasssssasssans 35
CHANGING WTT COORDINATE SYSTEM ...coutuueeseessesssesssesssessssssssssessesssesssesssssssssssssssssesssssssesssessssssssssssassssesssesssesssessessssssssssssssasssssssessssssassssssssssssssssssess 36
TW2 ETHERNET CONFIGURATION wovuuretuseessseressseesssseessssessssesssssesssssesssssessssasesssesesssesesssesesssesssssesssssesssssesssssesssssssssesssssesssssessssssssssssssssesesssesssssesssssasssans 36
STATIC VALUES.c.uttuttseusessesssesseessesssesssessssssssssesssessesssasssesssssssssssssssssesssesssesssesssssssesssssssssesssesssesssesssssssssasssssssesssesssesssessessssssssssssssesssesssesasesssssssssessssssssssess 37
TRANSDUCER INFORMATION ...uvvvuseeessseesssseesssssesssesssssesssssessssesssssesssssesssssessssasesssesesssasesssesesssesssssesssssesssssesssssessssssssssesssssesssssessssssssssasssssesssssasssssasssssassssns 39
TW?2Z CAN BUS CONFIGURATION ..ouueuresseesserssesssessesssessesssesssesssssssssssssssssssssesssesssesssssssssssssssssssssesssesssessssssssssssassssesssesssesssesssssssssssssssssssssesssesssssssssssssesns 39
CAN BUS TEIMUNGLION ...ttt ettt e et e e e e ettt e e e e e sttt e e e e e s aas st e e e e e aasassn e et aeeeeaassnnneaeseanaas 41

TW2 REMOTE CONTROL vuuuteeesseeessseesssseesssssesssesssssesssssessssessssesssssesssssesssssessssasesssesesssasesssesssssesssssesssssesssssesssssessssssssssesssssesssssessssssssssesssssesssssasssssasssssassssns 42
UPDATING FIRMWARE IN TW?2Z....oiiiiieusieseensesseissesssesssessssssssssss s sessse s ssss s e s s s s8££ R Rt 43
TRANSDUCER OFFSET CHECK ....coiiiieeuuiiiiiiiiiieeiiiiiiieeieeiisisiissseessisssssessaasssssssssssssasssssssttesssssssssssstesssssssssssssmsssnsssssssssensnnnns 44
INSULATION CHECGK.....citeeeeeuiiiiiiiiiieeiiiiiiieeeeesisiiirsssesssssssissssaasssssstrsssssssssssstttasssssssssstteesssssssssssteessssssssssssmesssnssssssssseesnnnns 44
WEATHERPROOFING......coititiiieiiiiiiiiiieiiiitireeiee st sseass s s st e s e s aa s s s s s e e s s s s s s sttt e e s s aasssss st e essassssssssstessasssssssstneesnnsssssssnnnns 45
SAMPLING FREQUENC Y ...ciitttttuuuiiiiiiemtnnnniiiiniieemmessiiiiiiieemsesssiiititessssssiiiisittsssssssiestttsssssssssssstessssssssssssstessssssssssstessssssssssssseees 45
RIGHT HAND RULE COORDINATE SYSTEM (DEFAULT) ....uuuuuereetiiieicrisnneeeeesseessssnnsessssessssssnssesssssssssssnnsssssssssssssnnnssssssssssssnnnsans 46
LEFT HAND RULE COORDINATE SYSTEM (OPTIONAL) .....cuuuueeeeteriecersssnneeeessesessssnssessssessssssnnsessssessssssnnsssssssssssssnnsssssssssssssnnnsans 47
L300 L0 71 o [0 0 48
Y o o 310 G N 52
TW2 POWER CONNECTOR PIN-=OUT ...couruuureeesseeessseesssessssesssssesssssesssssessssessssssesssesesssesssssesssssesssssesssssessssssssssesssssesssssasssssessssssssssssssssesssssesssssasssssasssans 53
PROPER TWZ2 POWER AND SIGNAL GROUNDING DIAGRAM ....u.coneuverienseureensesnsessessssssssssssssssssssesssesssssssssssssssssesssssssesssessssssssssssssssssssssssesssssssssssanssns 53
CAN SIGNAL DELAY EQUATION .euvveuueeeurreeeusseesssesesssesssssessssssssssssssssesssssesssssesesssesssssesssssasssssesssssasssssssssssssssssssssesssssesssssesssssessssssssssesssssasesssasssssasssssassssnans 54
EXAMPLE QUICK REFERENCE CALIBRATION SHEET ...eutuueeuseeusersesssessesssesssessesssesssesssessssssssssessssssesssesssesssessassssssssssssssesssesssesssesssssssssssssssssesssasssesssssnns 55




Introduction

Michigan Scientific’'s TW12.8HRMS800 Wheel Torque Transducers is a high resolution
transducers. Ideal for measuring small variations in wheel torque on both passenger cars,
SUVs, & light duty trucks. These units provide one channel of torque data, and are
designed to attach to adapters that simulate production wheel rims. The versatility of
this system allows the torque transducer to be used with various wheel rim designs.

The TW12.8HRMS800 Wheel Torque Transducers measures up to 1080 N.m of torque and
resolve down to 0.25 N.m. Mechanical protection allows the transducer to be used under
normal driving conditions. Torque moment overload ratings of each transducer is 6.5
kN.m. These models are geometrically configured to be used with the same adapters as
the other 12.8 models. High Resolution Wheel Torque Transducers are commonly used
for on-road measurement of chassis system losses which influence fuel economy. It is the
ideal tool for fuel regulation testing

High grade stainless steel material and weatherproof sealing provide excellent resistance
to corrosion and environmental conditions. Temperature compensation ensures stable
output throughout a wide temperature range. All wires are precisely located to reduce
sensitivity to magnetic effects.

The WIP amplifier package provides excitation and amplification to the torque transducer
strain gage bridge, and has an internal smart transducer which stores all the transducer
calibration information and is read by the TW2 at power-up. The TW2 is the User
interface for the system for the system. It provides easy Zero and Shunt calibration check
for the system. It also can provide both CAN and Analog signal outputs.

A 10-circuit slip ring is used to transfer signal and power to the amplifier package and
contains an internal 512-pulse optical encoder.



Specifications

TW12.8HRMS800
1-Axis Wheel Torque Transducer
Stainless Steel

Capacities
Measurement Scale [My] 800 Ib-ft 1080 N-m
Maximum Torque Capacity [Fy] at Tire Patch
With mechanical stops engaged [My] 4800 Ib-ft 6.5 kN-m
Maximum recommended static load 2250 1b 1025 kg

Other

Transducer 4 arm strain gage bridges
Nonlinearity Less than 0.1% of full-scale output
Hysteresis Less than 0.05% of full-scale output
Transducer Temperature Range -40to0 125 C(-40to 257 F)
Excitation Voltage 10vDC
Insulation Resistance from Bridge to Case Exceeds 5000 Mohm
Vehicle Power Input Voltage 9to 36 VDC

Mass of Components, Typical

Component Ibs Kg
Wheel Torque Transducer 10.25 4.65
WIP8-SG Amplifier Package 1.2 0.5
Slip Ring and Encoder 0.5 0.2
Hub Adapter Size dependent

Wheel Rim Adapter Size dependent

Fasteners (approximate) 0.5 0.2
TW2 Electronics 2.5 1.1




System Components
The Wheel Torque Transducer System is made up of multiple components.

Transducer

High Resolution Wheel Torque Transducer



TW2 Electronics

The TW2 is the User Interface for the System. It reads calibration information from
Amplifier at power-up. Provides power and reads signals from the Amplifier package. It
also allows the user performs Shunt calibration check and Zero the system.

Amplifier, Slip Ring, and Wheel Adapter Plate

The Slip ring is mounted to the Amplifier Package, and the Amplifier package is mounted
to the Wheel Adapter Plate.

Each amplifier and transducer is a matched pair. This is important; data is stored in the
amplifier package has calibration information for a specific transducer. The amplifier is
designed to provide a low noise signal with good performance over all temperature
ranges. A Ten circuit weatherproof instrumentation quality Slip ring with 512-pulse
encoder is mounted to the amplifier package.



Signal Cable

Signal Cable connects from the slip ring to the TW2 Electronics (20ft/6m length).

Power Cable

Power Supply cable. This cable is supplied from the factory with no connector on one
end. White wire is DC power high. Black wire is DC power ground. An active fuse is
located in the TW2 electronics.



Optional Analog Signal Breakout Cable
The signal break-out cable provides a connection for recording Analog signals from the

TW2. Customer can specify output connector type.

Ethernet Cable

Ethernet Communications Cable (8 ft/2.4m length).

CAN Bus Cable

CAN Bus Signal output cable (8 ft/2.4m length).



TW2 Grounding Cable

TW2 Chassis Grounding cable (4 ft/1.2m length).

Collet Lug nuts

L R
<P

Collet Lug nuts grab onto production lug nuts or lug bolts and mount the WIP amplifier
package

-10 -



Hub Adapter

The hub adapter mates to the smaller bolt circle of the transducer and is designed to
match the offset of the production wheel. If used in conjunction with rim adapter,
proper wheel off-set and brake clearance is maintained. Standard hub adapters are
machined from solid high strength stainless steel.

Michigan Scientific also offers lightweight titanium hub adapters.

-11-



Rim Adapter

2-Piece Rim Adapter. Limited Load Rating Solid Aluminum Rim Adapter from Forging.
Load Rating matches WTT.

Michigan Scientific (MSC) makes two types of rim adapters for the TW12.8 series. First
type is made from solid aluminum forging. These are the strongest adapters and will
carry the same recommended static load rating as the Wheel Torque Transducer.

The second type is a 2-piece Rim Adapter. This consists of an off the shelf aftermarket
wheel barrel paired with an MSC made adapter flange. This will have a recommended
load rating below the WTT maximum, but which is sufficient for many vehicles. While
there are many wheel barrel sizes offered, some wheel sizes are not available in this type
of adapter.

In some cases MSC can also provide welded aluminum or welded steel rim adapters.
These carry lower load rating and can only be used in certain tests. Consult MSC for
recommendations on your application.

-12 -



MVSR

MICHIGAN SCIENTIFIC
o [ETTT—

Magnetic Vehicle Stator Restraint

Restraint Rod

Slip Ring Rotational Restraint Rod
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Assembly Instructions
This section of the manual describes the assembly of the transducer, wheel and hub

adapters, amplifier package, and slip ring.

Before Assembly

Be sure that all mating surfaces are free of dirt.
Inspect mating surfaces for nicks and scratches.
Place cardboard or wood down where the transducer is being assembled.

Use care when assembling the transducer to avoid damage to any part of the
system.

Use care when installing the tire to insure that the adapter mating surfaces and
transducer do not get damaged.

-14 -



Assembly

° Place the hub adapter as shown.

-
~
~
e
Y

i

‘o

Install eighteen custom M10x1.5 fasteners hand tight with a small amount of anti-
seize on the thread and under the bolt head as shown above. The bolts are
custom because they require a smaller OD than conventional M10 bolts.

-15-



° Place the transducer and hub adapter assembly into the wheel adapter as shown
below. Be sure to align the valve stem with the notch provided in the transducer.

Note: The tire can be installed before or after the transducer assembly is bolted
together. If installing after, care must be taken to not damage the transducer or
adapters.

° Install twelve M10x1.5 custom socket head cap screws. Use Anti-seize on bolts as
described above.

° Torgue all of the M10x1.5 bolts to the following torque using a crisscross pattern:

Transducer to Rim adapter bolts, if solid aluminum or 2-piece rim: 60 Ib-ft (81 N.m)
Transducer to Stainless Steel or Titanium Hub adapter bolts: 60 Ib-ft (81 N.m)

Transducer to Rim adapter bolts, if welded aluminum rim adapter: 27 Ib-ft (37 N.m).
Note: if using welded aluminum rim adapter max recommended static corner load is
reduced to 500 kg. Welded aluminum rim adapters over 17” are not recommended.

° If not already done, mount tire on rim adapter, then have the Torque Wheel
assembly with tire balanced.

-16 -



Vehicle Installation
Note that each amplifier and transducer is a matched pair. This is important; data is

stored in the amplifier package for each specific transducer.

° Mount the magnetic vehicle stator restraint (MVSR) to the fender directly above
the wheel hub. If the body is aluminum or plastic use tape to fix MVSR to the
fender.

° Remove production lug nuts and production wheel from the vehicle. Slide the

Transducer Assembly over the vehicle lug studs, then secure using one of the
following procedures: 1) If Threaded Extended Lug-Nuts are being used, replace
three (four in the case of a four bolt wheel) of the standard lug nuts with the
extended lug nuts. Torqgue all lug-nuts to the recommended specification. 2) If
Quick Connect Collet Lug-Nut Extensions are being used, install the production lug

-17 -



nuts and torque all lug-nuts to the recommended specification. Verify that you
have the correct Quick Connect Collet Lug-Nut Extension size for the vehicle lug-
nuts by placing one onto a lug-nut and tightening the %4-20 cap-screw until the
collet clamps securely onto the lug-nut; remove once the correct size is verified. If
the collet will not open enough to fit onto the lug-nut or will not close enough to
fasten securely onto the lug-nut, you have two options. First, you might need to
replace production lug-nuts (many are over-sized for appearance purposes) with
standard, tapered ones. If the collet will still not fit onto the lug-nut or doesn’t
clamp securely, contact the factory for alternate sizes.

Mount the Amplifier, Slip Ring, and Wheel Adapter plage assembly to the vehicle
using one of the following procedures: 1) If Threaded Extended Lug-Nuts are being
used, mount the Wheel Adapter Plate to the extended lug-nuts using the %-20 cap-
screws. 2) If Quick Connect Collet Lug-Nut Extensions are being used, unscrew the
%-20 cap-screw from the top of the collet. Place the small washer onto the screw
and insert the screw through the appropriate slot in the Wheel Adapter Plate.
Place the large washer over the screw on the bottom side of the plate and thread
the screw into the top of the collet. Repeat this procedure in the appropriate slots
for a minimum of three connections per wheel, using four on four bolt wheels.
Now slide each collet onto the corresponding lug-nut, making sure each is fully
seated on the lug-nut. Tighten the %-20 screws to secure the slip-ring assembly to
the lug-nuts. In both cases, mount the slip-ring assembly with the minimum
amount of radial run-out.

Fasten the restraint rod to the slip-ring housing using the #8-32 x }4” socket-head
cap screws and washers provided.

Connect the 6 meter torque signal cable to the slip ring assembly. Secure it to the
stator restraint rod with cable ties.

Re-enforce the MVSR restraint with tape.

Repeat this process for each wheel in the system.
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Cable Connections

° Connect one end of the 6 meter long cable to the slip ring. Connect the other end
of the cable to the TW2 electronic box which should be mounted inside the
vehicle.

o Connect the power cable to the TW2 electronics. White wire is DC power high.

Black wire is DC power ground.

° Connect other end of the power cable to a DC voltage source in the range of 9 to
36 volts. The current draw is less than 0.75 amps per TW2 at 13.8 volts and
reduces proportionately at higher supply voltages.

o If using analog outputs, connect the Analog Signal Break-out Cable to the TW2.
Then use 3 BNC cables to connect to the data acquisition.

° If using CAN Bus signal output, connect one end of the CAN Bus cable to the TW2
and the other end to the data acquisition.

o Connect the TW2 chassis ground to the vehicle chassis ground. This will prevent
noise in the system. This can be done in one of the two following ways.

1. Connect one end of the TW2 Grounding Cable to the banana plug in the
back of the TW2 and connect the other end of the cable to the vehicle
chassis or data acquisition chassis ground.

2. Connect the shield of the TW2 power cable to the vehicle chassis

Be careful not to create a ground loop when connecting the TW2 grounding cable.
If the data acquisition is already connected to the vehicle chassis ground, then
connect TW2 grounding cable to data acquisition grounding stud. See appendix
for Proper TW2 Power and Signal Grounding Diagram.

° Turn the power switch on.

° At this time, all channels are held at zero until the TW2 receives an index pulse if
the TW2 is in SPINNING ZERO MODE.
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TW2 Operation

Introduction
One TW2 is used for each wheel torque transducer (WTT) and is the user interface for

the system. The main functions of the TW2 are zero procedure for automated the
transducer-offset adjustment, Shunt calibration and fault check, putting WTT global
vehicle coordinate system, and providing both Analog and CAN signal output. TW2 are
interchangeable and not mated with any WTT.
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Lights and Controls

All controls located on top of the enclosure are momentary contact switches. They
correspond to the labels located on the front panel. Power and position controls are
located on the front panel.

Power Switch
The power switch turns the power on and off. Transducer offsets, sensitivities and other
information is read from the amplifier smart transducer during power up of the TW2.

Zero

The Zero light indicates that the module is performing a zeroing sequence, invoked by
the Zero button on top of the enclosure. This button is only active during the Setup
Mode. The light is also used to indicate an error in the zeroing sequence when used in
conjunction with the Fault light. The zeroing sequence records data and calculates an
offset value. This offset is recorded into the memory chip located in the amplifier
package so it is not lost when power is interrupted or a different TW2 is used.

There are two type of ZEROING available, Tare and Spinning. In TARE MODE mode the
TW?2 just removes the torque off-set present when the button is press. In SPINNING
MODE, the TW2 uses 2 or 8 revolutions of the wheel to calculate the offset. If the wheel
is not turning when the Zero button is pressed, the calculation will be based off of the
next 2 revolutions. If the TW2 senses that the wheel is turning, it uses 8 revolutions to
get a better on-road-averaged value.
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Shunt

The Shunt light is used to indicate shunt related features. The button located on top of
the enclosure can be used to invoke a shunt sequence or to command the TW2 to invoke
a positive shunt to allow the user to set up their data acquisition system. After a
successful shunt sequence, the TW2 stores the serial number of the transducer
internally.

Mode

The Mode lights indicate whether the module is in Setup or Run Mode. The Mode
button on top of the enclosure toggles between the modes. Run mode is used whenever
data is being collected. Setup mode is only used when the transducer is being set up or
when the operator is checking the transducer offsets. Zero, Shunt, and Position features
cannot be accessed unless the TW2 has been switched to Setup mode.

Bridge Power

The Bridge Power light indicates whether excitation is being supplied to the strain gage
bridges. When the light is illuminated, power is being supplied to the bridges. The
Bridge Power button on top of the enclosure toggles the bridge power on and off. You
may want to kill the bridge excitation to check for background noise. With bridge
excitation interrupted, any signal activity is noise. It is best to perform this operation
with the engine on and vehicle moving. The bridge power light goes off when the Bridge
Power button on top of the enclosure is pressed. At this time, the module does not
transform the data to vehicle coordinates and will perform no other function until the
bridge power is turned back on.

Zeroing Mode
The Tare and Spinning lights indicate which Zeroing method is selected.

Fault

The fault light indicates that there is a problem with the module. It can be litin
conjunction with other lights or by itself. More information is available in the trouble
shooting section of this manual.

Position
The position button allows the user to indicate to the TW2 what wheel position the
transducer is mounted. The TW2 corrects the outputs depending on whether the WTT is
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installed on the right vs. the left side of the vehicle to put all WTTs in a global vehicle
coordinate system. This information is also used by the TW2 electronics to indicate in
the CAN DBC file the identification of data being transmitted. In addition this allows the
user to keep track of which electronics is attached to which wheel.

When stacked with one or more other TW2 units, the position information is shared
between the TW2 electronics. If two or more TW2 electronics are assigned to the same
wheel location, the position lights on those electronics will blink slowly to alert the user.

Latching Stud Ethernet Connector

Communications
Connector

10 - 36 VDC Power In
Latch Release

Banana Jack Button
TW2 Chassis Transducer Signal A _
nalog Signal -
Ground Cable Connection &l CAN Digital Output

Out

Connectors

Connectors located on the back panel of the TW2 are for power, ground, transducer
signal cable, analog output signal, Ethernet connection, and CAN digital Signal output.
The connectors located on top and bottom of the enclosure are used for
communications between multiple TW2 electronics.

Output Channels

Three analog outputs are available via CAN bus signal output and optional Analog Signal
Break-out Cable. They are torque about the y axis, wheel velocity, and Wheel rotational
position. Sine and Cosine can be additional outputs if required. All the analog outputs
are single ended and isolated from power ground. See diagram in appendix.

CAN Bus Signal Outputs
To record CAN Bus signal outputs, one CAN cable connector must be connected to each
TW2. MSC can provide1to1,2to 1, &4 to 1 CAN cables. For example, witha4to 1
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CAN cable, all signals from 4 WTT systems would be output onto one CAN Bus. The CAN
data from all stacked TW2s is synchronized. There will be a fixed signal delay on all CAN
signal outputs of 34 milliseconds (with default 500 Hz output rate. See appendix for
signal delay equation at other output rates). There is potential for this fixed time delay
to be different through the data acquisition depending on how the data acquisition
imports the CAN data and filtering used filtering of other channels.

The CAN Bus signal outputs are all labeled by the Position set on the TW2 box that they
are connected to. For Example for the Right Front position, the data will be labeled;
LF_MY_Moment, LF_Velocity, & LF_Position. The data will be transmitted in engineering
units. In the default mode, the Baud rate will be set to 1 Mbps, Output rate set to 500
Hz, and the Torque units will be N.m. It is possible to change these setting via the TW2
webpage.

Analog Output Channel Sensitivities

The output channels for all systems are scaled as shown below. The TW2 default Analog
output is £10V. The TW2 webpage allows for the user to change analog output ranges to
15V, +2.5V, and 0-5V. Because of that, the number shown in the chart below is the full
scale value for each channel. This number needs to be divided by the full scale voltage to
calculate the sensitivity in units/volt. Example - If the full scale analog outputs are set to
the default £10 Volt, the Y Moment Torque sensitivity will be 120 N-m/V (1,200 N-m /10
volts). If the user changes the analog output range to 0-5 Volt, Y Moment sensitivity will
now be 480 N-m/Volt with a 2.5 volt offset.

NOTE: VERIFY OUTPUT CHANNEL SENSITIVITY BY MONITORING SHUNT CALIBRATION
VOLTAGES AND COMPARING THE TO THE SHUNT CALIBRATION EQUIVALENT LOAD. THIS
CAN BE FOUND ON THE CALIBRATION SHEET OF THE TRANSDUCER. CHANNEL SCALING
MAY BE SET-UP DIFFERENTLY ON SOME TRANSDUCERS.

Output Channel Sensitivities
Y Moment 1,200 N-m 889 |b-ft
Velocity 2000 rpm (default)
Position 0-360 deg
SINE t Full Scale
COSINE t Full Scale
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Output Channel; Offset and Sensitivity Function Table
Control States Outputs

Mode Zeroing Mode Bridge Offset Sensitivity
Run Tare On Yes Yes
Run Spinning On Yes Yes

Setup Tare On No Yes

Setup Spinning On No Yes
N/A N/A Off No Yes

Sensitivity adjustments are always performed to the data inside the TW2 electronics.
Offset adjustment are not always performed. The above table summarizes these states.
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Multiple TW2s

SHUNT 'MODE BRIDGE  COORDINATES FAULT

e o0 ©

SETUP  RUN WHEEL VEHICLE

POSITION

Each TW2 is used with one Wheel Torque Transducer. When using multiple Wheel
Torque Measurement systems, the TW2 is designed to be stacked. Latch studs are
mounted on top of the enclosure and a latching mechanism is mounted on the bottom.
When the boxes are set on top of each other, they latch together. A button on each side
of enclosure releases the latches. Electrical connections are made via the D-sub
connectors mounted on top and bottom of the enclosure. When not stacked it is
recommended that the dust covers provided with the enclosure be used to cover the D-
sub connectors. This will protect the connectors and reduce the chance of electrical
damage to the electronics.

The TW2 electronics communicate with each other using a digital bus interface. This
allows the operator to control all of the TW2s with one set of controls. Notice that the
control buttons are located on top of the enclosure. When one TW2 is stacked on top of
another, the buttons on the lower one are covered. All functions are controlled by the
top TW2 at this time.
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A base is available to provide better stability and tie down locations. This base also
protects the D-sub connector on the bottom TW2.

The power supply cable can be connected to any one of the TW2 electronics. That TW2
will supply power to the rest in the stack.

Each TW2 retains its own power switch and must be turned on individually. At power up,
the TW2 checks the state of the other boxes and then sets itself to match.

Up to six TW2 electronics can be stacked together. If you want to stack more together,
please contact Michigan Scientific to discuss your specific application.

Power Requirements
The TW2 requires 9 to 36 VDC power. Power draw is less than 0.75 amps at 12 volts for
each WTT system.

Zeroing Modes
An electrical balance is critical to assure accuracy of wheel torque measurements.

The wheel torque transducer is electrically balanced during fabrication. It is then
temperature compensated to have minimum balance shift from —40 up to 200°F. The
amplifiers and TW2 are also designed to have minimal thermal offset over a wide
temperature range.

The TW2 has a Zero feature that automates the zeroing process. With any zeroing
method used below, it is recommended that the transducers be exercised before any
zeroing is done. To exercise the transducers, simply drive the vehicle around a parking
lot.

There are three zeroing procedures. When the TW2 completes the zero procedure, it
will write the calculated offset value to the memory chip located in the amplifier. This
way the transducer does not need to be zeroed every time the power is interrupted or if
a different TW2 is used with the transducer.

1. Tare Zero
e Pressthe Setup Mode button

e The blue Setup Mode light will illuminate.
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e Press the Zero button.
e The amber Zero light will illuminate.
e Once the procedure is complete, the light will go out.
2. Spinning Zero
Caution: While it does not matter which direction you turn the wheel during the zero
sequence, changing the direction of rotation during the zero procedure will
cause errors. Remember when turning one wheel on a drive axle, the one on
the other side will turn the opposite direction. This is OK as long as the
wheel does not change direction of rotation during the sequence.
e Pressthe Setup Mode button.
e The blue Setup Mode light will illuminate.

e Press the Zero button. Note: The wheel must not be rotating when the Zero
button is pressed.

e The amber Zero light will illuminate.

Caution: While it is not important that the wheel be turned at a steady rate, do not
impart excessive acceleration or deceleration to the wheel while turning it.
This may cause calculation errors. To reduce errors, the TW2 uses position-
based sampling for this procedure.

e Rotate the transducer. When rotating the transducer, never apply force to
the tire itself. This can cause an error in the zero calculations. Apply force to
a wrench on the lugnut/lug bolt. Rotate in one direction until the amber Zero
light goes out, this should take 2 revolutions.

Using more than one transducer with stacked TW2s
e You may rotate each transducer independently.

e To zero only one wheel, you will need to turn off the TW2 electronics, on the
wheels that you do not want to zero, or un-stack them.
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3. Spinning Zero on the Road
The My (Torque) may also have a real non-zero value due to drive line torque and brake
or seal drag. Use rolling zero only when lower accuracy can be tolerated.

e Pressthe Setup Mode button.

e The blue Setup Mode light will illuminate.

e Coast the vehicle along a smooth and level section of road or parking lot.
e Press the Zero button.

e The amber Zero light will illuminate.

e The TW2 detects that the tires are turning and will use the average of the next
8 revolutions to compute the offset.

e Once the procedure is complete, the light will go out.

Once the initial setup is accomplished, data collection can continue for several days
without readjustment. The vehicle should be lifted occasionally to verify the zero
stability.

Factory Calibration

Calibration values are programmed into the amplifier for each transducer. The wheel
torque transducer was statically calibrated in a load frame with a rigid outer ring in place
of the rim adapter.

An electrical shunt calibration was performed during physical calibration in the
laboratory. During physical calibration, shunt resistors values are determined to
establish equivalent physical torque values. Sensitivity calibration values in kilo-
Newton/volt and pounds/volt are presented in the Appendix of this manual.

Shunt Calibration Sequence
Shunt Sequence - The TW2 calculates an internal gain, used to make output sensitivities
match the values programmed into the Memory chip.

To invoke a shunt sequence.
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e Press the Mode Button to enter Setup Mode
e Press and release the Shunt button.

e The Shunt light will illuminate to indicate a shunt sequence is in progress. Once
the Shunt light goes out (about 12 seconds), the shunt sequence is complete.

e Press the Mode button to return to Run Mode.

If the Shunt light does not go out and the Fault light illuminates, the shunt sequence did
not pass. The shunt sequence commands the amplifier package to invoke a shunt
calibration resistor at each strain gage bridge in the transducer. The TW2 reads the
voltage change, caused by the shunt, and adjusts the gain of each channel to match the
sensitivity programmed into the memory chip. This calculated gain is recorded into the
memory chip located in the amplifier package so this information is not lost when power
is interrupted or a different TW2 is used. If the calculated gain is more than 2.5%
different than what is programmed into the memory chip, the shunt sequence does not

pass.

Note: This sequence can be performed with the wheels on or off the ground with equal
accuracy. However, if the wheels are on the ground, anything that causes torque
variations such as movement of the vehicle can cause errors in the shunt cal.

Shunt Hold - The TW2 can be commanded to invoke and hold shunt calibration. This can
be used to write down the transducer off-sets and shunt voltages.

To invoke the shunt hold:
e Press the Mode Button to enter Setup Mode

e Press and hold the Shunt button until the shunt light starts flashing rapidly
(approximately 1 second).

e The Shunt light will flash rapidly and the outputs will hold a positive shunt until the
shunt button is pressed again.

e Then the system outputs will hold a negative shunt calibration until the shunt
button is pressed again.

The calibration sheet lists sensitivity in |b-ft full scale and N-m full scale and a shunt
values in pounds and Newton meter for each channel. If desired, the user may check the

sensitivity by recording the outputs during a shunt sequence and calculating the delta
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(magnitude of change from positive shunt to negative shunt). The shunt value listed in
the calibration sheet is defined as half of this delta.

Physical re-calibration services are available from Michigan Scientific.

Web Page Changeable Parameters

The TW2 contains an embedded web page that can be used to change a couple system
parameters. The TW2 has many parameters available that are not applicable to the
Wheel Torque Transducers (WTT) system. We will just highlight the ones application to
WTT systems. This web page is available to any device with an Ethernet port and web
browser.

To access the web page.

e Connect the Ethernet cable (provided with appropriate connectors) to one of the
TW2s and a computer. Note: To avoid network conflicts wireless networking
should be turned off on the computer.

e Change the IP address on the computer’s Local Area Connection Properties.
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-
Internet Protocol Version 4 (TCP/IPv4) Properties

General

- You can get IP settings assigned automatically if your network supports
This cony this capability. Otherwise, you need to ask your network administrator
for the appropriate IP settings.

() Obtain an IP address automatically
{@) Use the following IP address:

0 117

KEEKEKEK KK

IP address: 192 . 168 . 0 . 100
Subnet mask: 255 .255.255. 0
Default gateway:
| Iy
3 Obtain DNS server address automatically
| Descrij
I Tran @) Use the following DNS server addresses:
wide =
acroj Preferred DNS server:
Alternate DNS server:

[ validate settings upon exit

e Pull up a web browser

e Enter the IP address of the TW2 into the browser bar (see below for more
information on IP addresses)

e The web page, shown on the following page, will appear in the web browser

Note: To make system changes, all TW2s must be connected to their respective wheel
torque transducer and powered up.
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C ® © & 192.1680.28 90% | eee | | Q search m o & =

&

Configure TW2

Coordinate System

View Static Values

View Transducer Info

TW2 Remote Control

Configure CAN Bus

Update TW2

Configure Ethernet
Settings

e About/Contact MSC

< TR e T .

TW2 Configuration

TW2 Serial Number:
100 «

Wheel Torque Transducer Information

Model: NO SENSOR!
Serial Number: 0
Position: RF
Calibration Date: Thu Nov 30 1899

Default Zeroing Mode on Power-Up (Updated in all active TW2 boxes):
) Tare @ Spinning

Full Scale Rotational Velocity:

© 1000 RPM

2000 RPM

3000 RPM

[“IReplace CAN Position/Velocity Output with Sine/Cosine (Analog Full Scale Velocity Output is Fixed to 3000 RPM)

Analog Output Range:
©@ +/-10v © +/-5V
©+-25v ©0to5V

["]Update All Active TW2 Boxes with these Settings

Copyright 2010-2020 Michigan Scientific Corp. All rights reserved.
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TW?2 Serial Number
Near the top of the page is a drop down box allowing the user to select TW2 serial
numbers, shown below.

TW2 Serial Number:
100 «

The TW2 that is connected by Ethernet cable will check for the presence other TW2
electronics. These other units need to be stacked together and all units need to be
turned on. If other units are present, and turned on, the serial numbers of these units
will appear in the pull down menu. Selecting a different serial number allows the user to
set up each TW2 separately.

JUpdate All Active TW2 Boxes with these Settings

WUpdVate |

If settings for all the TW2 units are to be the same, the "Update All Active TW2 Boxes
with these Settings" button can to be pressed before the "Update" button is pressed.
Updating all units at once avoids the need for the user to go through the settings for

each serial number individually if settings for all units are to be the same.

The Wheel Torque Transducer Information shown below serial number is information for
the WTT that is connected to the selected serial number.

Note: All TW2 electronics, shown in the serial number drop down menu when this setting
is changed, will take the new setting even if the "Update All Active TW2 Boxes with these
Settings" button is not checked.

Full Scale Velocity

This setting is used to set the full scale velocity of the wheel speed signal derived from
the encoder. There are three optional full scale velocities. The full scale velocities are
1,000, 2,000, and 3,000 rpm full scale. The default setting is 2,000 rpm full. The user
may also select to replace the position and velocity signals with Sine and Cosine signals.
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Full Scale Rotational Velocity:

(1000 RPM

® 2000 RPM

(3000 RPM

[]Replace Velocity/Position Output with Sine/Cosine

Analog Output Ranges

For the Analog outputs, the full scale output voltage can be set as shown below to
accommodate data acquisitions systems that cannot accept £10 volt signals. The TW2
changes the output sensitivity to use the full scale range.

Analog Output Range:

@ +/- 10V ©+/- 5V
O+-258Y ©0to 5V

Note: The Analog outputs use a 16 bit DAC. When a different voltage range is selected,
the resolution of the data is no longer 16 bits because the TW2 does not utilize the full 16
bit range of the DAC. When using +-5 volt range the resolution is reduced to 15 bits.
When using +-2.5 or 0-5 volts the resolution is 14 bits.
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Changing WTT Coordinate System

The default WTT coordinate system is the Right Hand Coordinate System shown below.
In the Coordinate System tab on the TW2 webpage the WTT coordinate system can be
switched to a Left Hand Coordinate System by checking the button labeled “Left Hand”
then clicking update at the bottom of the page. This will update all TW2 boxes stacked
and powered up. Changing Coordinate System will change the Polarity of My.

TW2 Coordinate System

@ TWV2 Serial Number:

00

« Coorginate System $stact the Desired Coordinats System (Updated in all sctive TUWW2 boxss)

©) enrang

* Configure Ememst Sexings

» Abx'Comtact MSC

m

TW2 Ethernet Configuration

Default IP addresses are set at 192.168.0.28 at the factory for all TW2s. A new IP address
can be set by going to the "Configure Ethernet Setting" tab located on the left side of the
web page. The IP address, Network Mask, and Network Gateway can be changed by
entering a new number and pressing the Update button as shown below.
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TW2 Ethernet Configuration

MAC Address:  00:04:A3:32:3D:40

Static IP Address: 192 .168 .0 .28
Network Mask: 255 .255 .255 .0
Network Gateway: 0 .0 .0 .0

Update

Note: You will need to enter the new "Static IP Address” into the browser address bar after clicking Update.

In the event that the Ethernet Configuration was changed away from the default setting
and not recorded, it can be reset to the defaults shown above.

To reset the Ethernet Configuration Settings to the values shown above,
e Shut off the power switch on the TW2
e Press the position button

e Turn on the power switch while continuing to hold the position switch for a
minimum of 1 second after the TW2 powers up.

e The Ethernet Configuration Settings will reset to the values shown above.
Static Values
The Web page can be used to view static transducer output values during setup. Select

“Static Values” on the upper left side of the web page. The web page displays the static
values for all active WTT systems, shown below.
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Configure TW2

Coordinate System

View Static Values

View Transducer Info

TW2 Remote Control

Configure CAN Bus

Update TW2

Configure Ethernet
Settings

* About/Contact MSC

Refresh rates can be changed by selecting from the options at the bottom of the page.

Static Values

Forces: N, Moments: Nm

[TW2 SN|WTT Pos [MY Moment [Position(Deg.)
[ NA [ LF | | NA INA
[ 100 [ RF [ 000 | 000
NA [ M | | NA INA
NA [ RM | | NA INA
NA [ R | | NA INA
[ NA [ RR | | NA INA

Note: When in "Vehicle" Mode zero values will be shown until an index pulse is received from the encoder.
Please rotate the wheel until actual static force/moment values are displayed.

Page Refresh Rate:
© None

© 1 Second

©@ 3 Seconds

© 5 Seconds

Last Updated: 5/29/2020, 11:06:38 AM

-38 -



Transducer Information

Information for each WTT system can be viewed by clicking on “Transducer Info”. The
TW?2 Serial number drop down menu allows the user to select which system the
information is for.

Transducer Info

TW2 Serial Number:

100 +
e Configure TW2
B T Report Date: Fri May 29 2020
e Coordinate System Report Time: 11:07:07 AM

¢ Miew Sialic Values Wheel Torque Transducer Information:

e View Transducer Info Modet: NO SENSOR!
Serial Number: 0
e TW2 Remote Control Position: RF
) Calibration Date: Thu Nov 30 1899
¢ Configure CAN Bus
« Update TW2 L
Shunt Cal Value (Nm} -1
e Configure Ethernet Factory Scale Factor 0.000
Settings Field Scale Factor 0.000
le F % Diff
S ABGHICORIEEEMEE Scale Factor % Difference nan
Analog Full Scale Output (+/- Nm) 10000
Transducer Offset (Volts) 0.000
Transducer Offset (Nm) 0.0

Configuration Settings:

Full Scale Rotational Velocity: 1000 RPM

TW2 CAN Bus Configuration

CAN bus data output settings are configured using the “TW2 CAN Bus Configuration”
option located on the left side of the web page. The TW2 CAN bus interface bit rate
must be set to match the CAN bus interface bit rate of your data acquisition system. If
they do not match then TW2 data will not be recognized by the data acquisition system.
The CAN bus bit rate directly affects the number of samples per second that the TW2 can
place on the CAN bus as well as the number of possible error retransmissions if an error
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occurs with a CAN message. Clicking update will update this setting for all active TW2

boxes that are stacked together.

b

» Configure TW2

» Coordinate System
o View Static Values

o View Transducer Info
o TW2 Remote Control
o Configure CAN Bus

o Update TW2

o Configure Ethernet Settings

o About/Contact MSC

Note: It is necessary that the TW2 box receive a CAN acknowledge bit from the connected

TW2 CAN Bus Configuration

TW2 CAN Bus Bit Rate (Must Match Data Acquisition CAN Bus Interface Bit Rate):
1Mbps «

Digital Data Output Rate (250 to 2,500 Samples/Sec):
500.0 Samples/Second

Moment Units and Scale Factors Used in CAN Database File:

© |b-ft

© Nm

Set 11-bit Message Ids: 0x001 to 0x7FF and CAN Bus Termination:

Msg ID(Hex)|Box SN Box Pos| Msg Channels TCA'.' Bu‘s
ermination

0xNA NA LF
0xNA 100 RF
0xNA NA || LM
[ oxnAa [ NA [ RM
[ oxna [ NA [ R
[ oxNA | NA [ RR

MY, Velocity, Position NA
MY, Velocity, Position ¥
MY, Velocity, Position NA
[MY, Velocity, Position| ~ NA
[MY, Velocity, Position|  NA
[MY. Velocity, Position| ~ NA

Note: Velocity & Position will be replaced by Sine and Cosine if they are selected.

CAN Database File (.dbc)

The saved file can be edited as desired using a text editor.

Note: The Carriage Return at the end of the file is required for some Data Acquisition Systems.
[ Download dbc File J Filename: Tw2.dbc

VERSION "*

data acquisition system. Do not use passive (listen-only) mode on your data acquisition.

Another factor that affects the number of samples per second that can be output on the

CAN bus is the number of TW2 boxes per CAN bus interface on your data acquisition

system. The chart below gives some recommended guidelines as to the maximum TW2

CAN output rates that you should use based on how many TW2 boxes are connected to

each CAN bus interface on your data acquisition. The chart assumes a CAN bit rate of 1

Mbps and that no other devices are on the CAN bus.
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Recommended Maximum
CT2 CAN Qutput Rates
Fof CT2 |Sample # of
Boxes per|Output Rate  (Possible
CANBss |(Samples/ Error

@ 1 lihps | Sec) Retrans.
1 2,048 1
2 1,250 1
4 650 2

The CAN Bus data output rate can be adjusted between 250 to 2500 samples per second.
A decimal place is allowed (e.g. 409.6 samples/second). Note: You should verify that your
data acquisition is capable of sampling CAN data at your desired TW2 digital data output
rate. Clicking update will update this setting for all active TW2 boxes that are stacked
together. The approximate through delay from the analog input to the start of frame bit
of the 1st message on the CAN bus is displayed in milliseconds for the entered data
output rate.

A CAN database (.dbc) file that can be imported by many data acquisition systems is
dynamically created for all active TW2 boxes that are stacked together. This file describes
which CAN message id and corresponding data bytes go with each data channel/wheel
position. It also describes each channel’s name, units and scale factors. The engineering
units and scale factors used in the .dbc file can be selected as Newton-Meters (Nm) or
Pound-Feet (Ib-ft).

Note: If alternate unit text is desired it can easily be edited by changing the unit text
between quotes in the .dbc file.

There are 2 CAN messages output per sample for each TW2 box. These messages must
have a unique 11-bit message id to be recognized by the data acquisition system. Here
you can change these CAN message ids for each active TW2 box that are stacked
together. In the table you will find the TW2 box sn, pos and data channels that
correspond with each CAN message id.

CAN Bus Termination
Also in the table, you can set whether 120 ohm CAN bus termination is supplied per each

active TW2 box by checking the CAN Bus Termination Box. Every CAN bus must have 120
ohm end-to-end termination. For 1 TW2 box connected to 1 data acquisition CAN
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interface, both the TW2 box and the data acquisition should have 120-ohm terminators.
Additional TW2 boxes (nodes) connected between the end-to-end points must not have
120-ohm CAN termination. For example, for a 2 to 1 CAN cable, one CAN BUS
Termination Box must be checked and the other one must be unchecked. Fora4to 1
CAN cable, one CAN BUS Termination Box must be checked and the other three must be
unchecked. When using two 2 to 1 CAN cables, the user must identify which SN TW2s
are connected to each CAN cable. Then the user must uncheck the CAN Bus Termination
Box for one of the two TW2s connected to each cable.

Set 11-bit Message Ids: 0x001 to 0x7FF and CAN Bus Termination:

Msg ID(Hex)|Box SN Box Pos| Msg Channels Te(iﬁ'iqngrizn
OxNA NA LF [MY, Velocity, Position| NA
OXNA | 100 | RF MY, Velocity. Position| [
0xNA NA | LM |[MY, Velocity, Position|  NA

0xNA NA LR [MY, Velocity, Position| ~ NA
OxNA NA RR MY, Velocity, Position|  NA

e
I |
0xNA | NA | RM |[MY, Velocity, Position| NA
I |
I |

Note: Velocity & Position will be replaced by Sine and Cosine if they are selected.

TW2 Remote Control

The TW2 stack can be controlled via the web page by selecting “TW2 Remote Control” at
the upper left side of the web page. This allows the buttons on the TW2 to be controlled
remotely via the Ethernet connection. This is especially useful when used in the lab
because it allows the user to control the TW2 from the control room.

TW2 Remote

Remote Control the TW2(s) Here:

| Zero [ Shunt |RunlSetup Mode IEncoder Zero |TareISpinning Zeroing [Fault
I oﬁ I Oﬁ - V Vr‘l‘;‘nz{ T .-‘A‘ :
[ shunt calibration } [ mode ]

=

[ zero | [ encoder zero |

Last Updated: 5/29/2020, 11:27:06 AM
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Updating Firmware in TW2
The embedded web page allows the user to easily update firmware without having to
send the TW2 back to the factory. This allows updates or repairs to be done in the field.

ﬁ%ﬂ

* Configure TW2
» Coordinate System
o View Static Values
o View Transducer Info

e TW2 Remote Control

Update TW2

TW2 Firmware Information & Last 10 History Codes:
[TW2 SN|WTT Pos|[Loaded Firmware Version|[Smart Sensor Version[HC1[HC2[HC3|[HC4/[HC5[HC6HC7 [HC8 [HCI [HC10
Na LF mA |NA [NA [NA [NA [NA [NA [NA NA [NA TNA |[NA
[0 RE P PrPrRo poplptoProRroplop2

[NA [NA [NA [NA [NA [NA [NA NA [NA [NA |
mA |RM WA |NA [NA [NA [NA |[NA |[NA |[NA NA [NA |NA |[NA

NA R NA [NA [NA [NA [NA |NA |INA [INA [NA [NA |NA [NA
NA RR INA [NA [NA [NA [NANA [NA [NA NA NA [NA [NA

o Configure CAN Bus

o Update TW2

o Configure Ethernet Settings

o About/Contact MSC

Note: Each TW2 must be updated individually using its own Ethemnet port.

Upload a New Firmware File to the Highlighted TW2 Above:
No fil selected.

Upload Progress:

l |

Writing Progress:

If an update is available, Michigan Scientific will provide an installation file. Save this file

in a convenient location.

To update the TW2:

e Connect the Ethernet cable to the electronics to be updated.

e Press the Browse button and select the installation file.

e Press the Upload button

e The file will be uploaded. Follow the prompts on the web page.

e Once complete you will be prompted to cycle power on the TW2.

e Once power has been cycled, the new firmware is ready to be used.
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Caution: Do not disconnect the TW2 or power down the computer or TW2 during the
update. Possible damage may occur which will require the electronics to be
sent back to Michigan Scientific for repair.

Note: Only the TW2 connected to the Ethernet Cable will be updated. Each TW2
electronics must be updated separately.

Note: Update all TW2 electronics with the same version of firmware before using them in
a stacked configuration.

Transducer Offset Check

It is recommended that the customer keep track of the transducer offset over time. If
the offsets for each channel remain consistent with the factory offset listed on the
calibration sheet, re-calibration is not necessary.

e Remove hub and wheel adapters. Hub and Wheel adapters can cause a small
shift in transducer offset when they are bolted up. This is normal and the
transducer will return to its original offset once they are removed.

e Set the transducer flat on the bench.

e Connect the amplifier to the transducer.

e Connect the cable to the slip ring and TW2.

e Power up the TW2.

e Press the Mode button to put the TW2 into Setup mode.

e Record the output for each channel.

Insulation Check

Insulation resistance of the wheel torque transducer bridge circuits to the metal should
be checked occasionally or if malfunction is suspected. The insulation resistance should
be greater than 1000 M-ohms. Lower insulation resistance values may result from
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contamination of the connectors or breakdown of the strain gage insulation. If care is
taken to clean the connector area and low values persist the transducer should be
returned to Michigan Scientific for correction and re-calibration.

Weatherproofing

The connectors are weatherproof but using the tape provides some extra protection.

Sampling Frequency

Much of the work done with WTTs is for driveline and efficiency measurements with a
frequency of interest below 50 Hz. We recommend sampling rate of 500 Hz. The TW2
CAN output rate can be set between 250 and 2048 Hz.
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Right Hand Rule Coordinate System (default)

This coordinate system will give positive My when accelerating the vehicle.
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Left Hand Rule Coordinate System (Optional)

This coordinate system will give positive My when braking the vehicle.
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Troubleshooting

Symptom

Possible Causes

Solution

TW?2 Does not power up
when the power switch is
turned on.

Internal overload circuit is tripped.

Power cord not connected to power.

Power supply polarity is incorrect.

Cycle the power on the TW2.

Check that power cord has power
supplied to it and try to power up the
TW2 again.

Check polarity. See appendix. If
incorrect, reverse power supply leads
and try to power up the TW2 again.

Fault light illuminates at
startup

Signal cable not connected properly.

Memory chip communication
failure.

Check signal cable connections. Cycle
power, leave box off for 5 seconds
before turning back on

Cycle power, leave box off for 5 seconds
before turning back on. Check for
grounding loops and ensure proper
TW2 grounding.

Fault light is flashing

No digital data stream from
amplifier

Check signal cable for damage.

Position button flashes
slowly

Two TW2s are set to the same
vehicle position

Set all TW2s to the proper vehicle
position corresponding to the location
of the transducer it is connected to.

Position button flashes fast

The TW2s are set to different CAN
output rates.

Stack and power all TW2s. Then
connect to the TW2 webpage. Under
the Configure CAN Bus tab, enter
desired setting and hit the update
button. This will set all stacked TW2s to
the same CAN output rate

Zero light does not go out in
Spinning Zero mode.

Did not complete two full
revolutions.

Continue rotating wheels.

After zero sequence, Zero
light goes out but Fault light
illuminates.

Transducer offset greater than 4
volts. The electronics will still zero
the channel that has greater than 4
V offset but it alerts the user. This
condition can cause the system
output to saturate before it reaches
full scale. The Fault light will go out
next time the power is cycled.

With wheel off of the ground, change
TW?2 to Setup mode and check output
voltages. Confirm which channel has an
offset greater than 4 V.

Unbolt the wheel & hub adapter. If
offset goes away, check adapters for
damage.

If offset does not go away, send
transducer in to Michigan Scientific for
Checkout and repair.
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Symptom

Possible Causes

Solution

Shunt light does not go out
and fault light illuminates
after a shunt sequence.

Torque input to the transducer
during shunt sequence causes out of
tolerance shunt.

TW?2 failed to record data in
memory chip.

Transducer is out of tolerance.

Jack up vehicle, cycle power, and repeat
the shunt sequence.

Check the cable connections, cycle
power, and repeat the shunt sequence.

Send the transducer in for checkout and
calibration.

Symptom

Possible Causes

Solution

Channels, which should have
no load, have an offset even
after the zero procedure is
performed.

TW2 is in Set-up mode

Data channels have error due to
rolling zero procedure

Incorrect zero, direction of wheel
rotation was changed during the
zero procedure.

External forces were imposed

during the zero procedure on the
hoist.

Incorrect zero, on-the-road zero
was performed on a rough surface.

Data acquisition system has some
offset.

TW?2 electronics are damaged.

Offsets are too large for the TW2 to
zero them. Damage to transducer.

Switch TW2 to RUN mode

If the rolling zero procedure was
performed on the road, there will be
real forces that will be zeroed out. For
best accuracy, perform the zero on the
hoist. Further discussion is in the
zeroing section of this manual

Be sure that the wheel is turned only in
one direction during the zero
procedure.

When turning the wheels, be sure to
apply force only on lug nuts with a
wrench. This insures that no forces are
imposed through the transducer.

Redo the zero procedure. For best
accuracy, perform the zero on the hoist.

Using a volt meter, check the outputs
from the TW2. If the outputs are indeed
zero, null the offsets in the data
acquisition system.

Swap the TW2 with another unit, if
available, and try to zero it. If the
problem goes away, send the TW2
electronics in for checkout and repair

The wheel may have been damaged.
Remove from the wheel and hub
adapters and place on the bench.
Change the TW2 to setup mode. Check
the offset. Ifit is out of range, send in
for checkout and repair.
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Symptom

Possible Causes

Solution

Outputs from TW2 stay zero
for all channels even when
force is present.

TW?2 is not turned on.

In Spinning Zero mode, Encoder has
not found an index pulse.

The bridge power Kkill feature is
invoked.

Signal cable from transducer has
been disconnected.

Signal Cable from transducer has
been damaged.

Output cable from the TW?2 is
disconnected or damaged.

The data acquisition cabling is not
connected improperly.

Check to see if the TW2 is turned on.

The output channels stay at zero until
the encoder sees an index pulse. Turn
tire at least one complete revolution.
Check outputs.

Check to see if the bridge power light is
on. Ifitis not, press the Bridge Power
button. The light should illuminate.

Turn off the TW2 electronics, reconnect
the cable and turn the TW?2 electronics
back on.

Inspect cable for damage. A cable
diagram is located in the appendix.

Check connection and inspect cable for
damage

Check the output from the TW2 with a
volt meter. If the output is correct,
check the cabling or data acquisition
setup.

The channel offsets change
during use.

A severe event caused some shifting
in the bolted joints between the
transducer and adapters.

A severe event overloaded the
transducer.

While it is not common, a severe event
could cause some offset in channels.
Perform the zero sequence.

Check the transducer offsets. Remove
the wheel and hub adapters. Change the
TW?2 to Setup Mode Check the offsets
for each channel with a voltmeter. If the
offsets have changed, send the
transducer in for checkout and possible
repair.
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Symptom

Possible Causes

Solution

Higher or lower than
expected output from one or
more channels

The data acquisition system
sensitivities are incorrect.

Incorrect amplifier package

Transducer is damaged.

Amplifier package is damaged.

Check data acquisition system. The
correct sensitivities are listed on the
calibration sheet in the back of this
manual.

Check that the correct amplifier package
is being used with the transducer.

Check the transducer offsets and shunt
values. Send in for checkout and repair
if needed.

Send in for checkout and repair if
needed

One or more output
channels output incorrect
polarity.

Right/Left Switch is not in the
correct position.

Cable to data acquisition is
improperly connected.

Sensitivity is incorrect in the data
acquisition system.

Coordinate System is not as
expected

Check to see if switch is correct. Change
if needed.

Check the voltage from the TW2. If
correct, check pin-out for signal cable to
the data acquisition system.

Check the voltage from the TW2. If
correct, check the sensitivities in the
data acquisition system.

Check the selected Coordinate System in
the TW2 webpage

Data appears noisy

TW?2 chassis ground not connected
to vehicle chassis

Connect one end of a banana plug cable
to the TW2 and connect the other end
to the vehicle chassis or to data
acquisition grounding stud, if the data
acquisition is grounded to Chassis, not
both..

Or

Connect the shield of the TW2 power
cable to the vehicle chassis.
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Appendix 1

Wiring and Shielding
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TW2 Power Connector Pin-Out

Mating Connector for Power:
1 Ground Black Wire
2 Power High White Wire
Case Shield/Ground

MSC CT2 Analog Output

1 a'i"P

Proper TW2 Power and Signal Grounding Diagram

FLEX TEST A/D

l COMMON

-

(1,

REAR GND JACK =
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CAN Signal Delay Equation

The CAN signal delay is constant and fixed based on selected output rate. The default
output rate is 500 Hz, which gives a delay of 34 milliseconds. The following equation can
be used to calculate delay at different output rates.

TW2:
Instructions to calculate the total delay of the TW2 system’s CAN signal outputs*

For CT2 CAN Output Sample Rate of 250 to 499 Hz:
Approximate Through Delay in ms = ( (63.5/ (CAN Data Rate in Hz * 8)) + 0.002295) * 1000

For CT2 CAN Output Sample Rate of 500 to 999 Hz:
Approximate Through Delay in ms = ( (63.5/ (CAN Data Rate in Hz * 4)) + 0.002295) * 1000

For CT2 CAN Output Sample Rates = 1000 Hz:
Approximate Through Delay in ms = ( (63.5/ (CAN Data Rate in Hz * 2)) + 0.002295) * 1000
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Example Quick Reference Calibration Sheet

8500 Ance Road

Charlevoix, Ml 49720
MICHIGAN SCIENTIFIC Efiones EE1) Gl s e
corporation

Fax: (231) 547-7070
www.michsci.com

QUICK REFERENCE SHEET
TRANSDUCER CALIBRATION

TRANSDUCER SERIAL NUMBER: CALIBRATION DATE:
TW12.8HRMS800 754 December 2, 2019

TW2, Wheel Torque Transducer Interface Electronics:
Gain and offset adjustments are handled in the TW2. The Interface uses a shunt calibration to calculate an appropriate gain so that
the following sensitivities are correct. It is good practice to use the shunt feature to check the sensitivities intemally in the TW2.

SENSITIVITY:

My: Sensitivity : 1 Volt = 89 Ibft | 120 N m

With the supplied Michigan Scientific amplifiers this transducer would give an output of one volt, if the above load were applied.
Two volts would mean that the applied load is twice the above value; minus one volt would mean the load is the value shown above,
in the opposite direction, etc.

"SHUNT CALIBRATION (FOR BEST ACCURACY):
| My: Shunt= 7.100 V* | 628bft | 852 Nm |

Although using transducer sensitivity to setup data-acquisition systems, is convenient, the accuracy of the values measured can be
off by one percent or more due to normal variations in the data collection electronics. In order to correct for these variations, and
get the most accurate data, Michigan Scientific recommends using a shunt calibration to check the sensitivities. To do this, perform
a shunt sequence on the TW2. Record the outputs. Calculate the delta voltage (value from positive shunt to negative shunt) and
divide by 2. Compare this number to the number listed above. The Load Wheel Interface makes adjustment so that the output is
correct but variations may occur in the data collection system. You may find it necessary to adjust the recording equipment
sensitivity for best accuracy.

* Shunt voltage listed is nominal, the actual voltage may vary.

SPEED AND POSITION
Speed Sensitivity : 10 Volts =| 2,000 RPM
Position Sensitivity : 10 Volts = 360 Degrees

Speed is updated at each encoder pulse. Speed in mph, or kph, can be calculated if the rolling radius is known.
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Notes:
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Notes:
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