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4. DEFINITION

Electronically-controlled coupling systems consist of a mechanical coupling device controlled by an electronic control unit
(ECU). The ECU contains control algorithms and the communication interface to allow access to key vehicle information
as well as for communication with such systems as anti-lock braking systems (ABS), electronic stability control (ESC)
systems, etc., (please reference J1952 for further definitions). As a result of this level of vehicle system integration, the
performance of the coupling may be assessed either with or without an ECU.

In order to reduce the fuel consumption of passenger vehicles, AOD coupling systems may incorporate a driveline
disconnect or two-wheel drive (2WD) mode that substantially reduces drag torque, (typically at the expense of response
time). The unique usage of these devices makes it important to distinguish between standard couplings and couplings

with disconnect caﬁmmmmmmm&mmwummd be made and
measured while in the AWD mode. Notable exceptions to this include the measurement of drag tordue losses in section

11.
The rated torque capacity of the device shall be defined by the device supplier.
5. SYSTEM CONTROL METHODOLOGY

A vehicle representative ECU or other electronic control method may be used to control the coupling. In any case,
coupling performande will be assessed based on when a commanded input is-first received by the foupling or ECU, as

shown in Figure 1. The particular system control methodology used mustbe defined and documentgd as part of the data
reporting process.
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Evaluated with ECU

|

Evaluated without ECU
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FIGURE 1 - COUPLING TEST CONTROL METHODOLOGY
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6. TEST RIG SET-UP

Coupling output is to be grounded (stationary) with an inline torque transducer recommended on the grounded side, as
shown in Figure 2 (optionally, the torque transducer may be located on the rotating input side or in a reactionary torque
arm, so long as all accuracy and system requirements are achieved).

Two fixturing options are acceptable.

1.

Grounding the clutch housing.

2. Grounding the main shaft.

Speed AQD Test
Sensor Piece

i

Dyno Motor O

S

TorguenTransducer can be
mounted on either side of AQD
Test Piece.

Basic test rig capabi

Maximum torqug
Torque transdud
testing except S
disconnect capal

Maximum speed

FIGURE'2 - TEST RIG SET UP
ities should include the following:
capacity shall be a-thinimum of 10% above the test requirements.
er resolution shall"be + 0.50% of full scale based on 150% of the rated clutch tg
ection 11. Fardrag torque in connected mode, measurement resolution shall bg

ble couplings, the resolution shall be + 0.05 Nm.

capacity should be a minimum of 10% above test requirements.

rque capacity for all
1+ 0.75 Nm, and for

The measured speedsensor statt-bemountedto the unitunder test, where the dyno output s
times the theoretical torsional stiffness of the coupling.

Speed shall be controlled to within £ 0.5 RPM or 0.50% of max RPM, whichever is greater.

Minimum and maximum speed requirements:

o Connected mode: 2 -200 RPM

o Disconnected mode: up to 3000 RPM

tiffness shall be ten

o If ramp up rates indicated in section 11 cannot be achieved, please indicate actual rates used for the test.
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e  Minimum and maximum temperature respectively: (-40 to 150 °C)

¢ Clutch initial condition temperature shall be measured at either: (as shown in Figure 3)
1. Clutch reaction plate by grounding the clutch housing and spinning the main shaft.
2. Core of the main shaft by grounding it and spinning the outer housing.

If the temperature sensor is located in the main shaft, it is unacceptable to run more than one cycle before thermally
reconditioning (cold soaking) the test unit since the difference in temperature between the clutch housing and the
main shaft may be significant, as shown in Figure 4. This graph demonstrates the thermal deviations between the

ClUtCh plateS, S II}J, ;IIIIUI thft, Al Id OI[\;II Uf thU \JUUP:;IIH, thuo |c\4u;|;||9 OPUUIG: UUU:;IIH PIaUtIUUD In between SeCtIonS
and cycles. It al§o shows why clutch housing surface temperature cannot be used for control temperature.

Coupling testing shall be performed in two phases.
1. As shipped 1 new coupling intended for installation in a production vehicle.

2. Target Life 4 coupling which has completed the life cycle durability testing.

Main Clutch
P A < Coupling’s
torque
- modulatin
sillzl0 el zli2 e TSNS
NIRRT device
EmEE
1T U AuU

I, Temp Sensor on
%//%’WW main shaft
B T 1

]

g
’
[

LR
frii

Temp Sensor on
plate.

FIGURE 3 - TEMPERATURE SENSOR LOCATION OPTIONS
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7. TESTING AND

For the purpose of
consist of:

Step Input — Section

Dynamic Response

Drag Torque Behavi

Mu-V characteristics

8. GENERAL TES]

All single point data
the three sets and a

Due diligence shall

ensure the desired (
less than two degreg

9. STEP INPUT TH

The purpose of this

speeds and start temperaturés-whilst at various requested torque levels (see Figure 5).

9.1  Minimum leve

Delta speed.

FIGURE 4
ANALYSIS

characterizing the system performance, the recommended tests for the full co

9

Profile — Section 10
pbr — Section 11

— Section 12

| REQUIREMENTS

collection shall be run a minimum-of three times for all test sections. The data {
eraged as a final graph.

pe taken to stabilize the coupling temperature between runs for at least 30 minu
ore temperature has been reached. Stabilized temperature is defined by the ter
s once it is within thewrequired temperature range.
ST

test is to eharacterize the torque engagement and release response of the sys

of parameters to be monitored and recorded:

Lpling assembly will

hall be tabulated for

fes or as required to
nperature fluctuating

tem at various delta

Coupling reacted torque.

Coupling temperature (measured according to the options outlined above).

Coupling input current, voltage and pressure (where applicable).
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9.2 Coupling Torque Measurement Procedure:

Document 100% and 50% of the coupling’s rated torque capacity.

Supply a report on two couplings.

1. As shipped — new coupling intended for installation in a production vehicle.

2. Target Life — coupling which has completed the life cycle durability testing (such as from Design Validation
testing). NOTE: The total energy profile showing, load vs. speed vs. time and Joules exerted during the test

shall be

provided with the test report.

The results shod
Torque evaluatiq

o With ECU: f

actuator controller (see Figure 1) to the measured reacted torque of the\coupling. ECU

included in t

o Without ECL
final reacted

Test conditions:
o Controlled p|
o Samplingra

o Coupling stg

Id be tabulated in the matrix shown in Table 1.

n with and without ECU (if applicable).

ne total response time.

J: Response time to be measured from the initial application of actuator power
torque of the coupling.

pwer source capability for the ECU (12 V £3.V)

e: 1024 Hz (to capture 100 ms response time)

rt temps: -20 C, 0 'C, +20 C, +50--C, +100 C, (+2 C)
PM

PM — Steady state

PM — Dynamic event

PM — Homogeneous launch

RPM'<,Step Mu. Curb

RO fa¥Y A o LOOL (OO\NALD o

e 5RI
e 10H
e 20H
e 50H
e 100
e 150
e 200

o o)
NFIVE= OlCpY IVIL. UUTDU T JU 70 (O VVVIN = UUTU)

RPM — Step Mu. GVWR

Response time to be measured from the input of the Clutch Command’torque r¢quest (Nm) into the

processing time is

see Figure 1) to the
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Unit Step Response Analysis
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FIGURE 5

9.2.1 Step Input Oata Analysis Characterization:

Command Torqgue: c(t): Commanded torque-expressed in terms of target torque percentage.
e Target Torque (T;): The desired torquetvalue commanded by the control system

o Settled Torque ([Ts): Defined after the torque has settled and reached the steady state region (after ts ). Point with the
greatest deviatign shall be picked-as the result. Note: also known as “actual torque”

e Torque Accuracy (T,): The greatest difference between the target torque (T;) and the (Ts) settled torque. T, = (T —
T )Ty

e Peak Overshooi (M,): Defined as the percentage difference between the peak measured torjue and the settled
torque value (If target torque value is not reached, then there is no peak overshoot)

e Engagement Rise Time (t,): Defined as the time from 10% torque, to when the actual measured torque level has
reached 90% of the target torque value

e System Engagement Response time (is): Defined as time from receipt of target torque request, to when the torque
level (measured) has reached 90% of the target torque value. Initial target torque value = 0 Nm

e Time to Peak Torque (t,): Defined as the time from the digital request to when peak torque occurs
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o Settling Time (t): Defined as the time from 10% torque to the time to reach and stay within £2% of the settled torque

for 500 ms

e Fall Time (powered): Defined as the time required from the command of 0 Nm within the settled torque region to

when the torque level has reached 75 Nm

o Fall Time (loss of power): Defined as the time required from the initialization of loss of power within the settled torque
region to 75 Nm. Applicable when there is a loss of power and active torque control is not possible

TABLE 1
Step Input Results Matrix

Test A =With ECU MOTE: Coupling test shall be
Test B = Withgut ECU performed in two plases:
Perform test sgries at -20, 0, 20, 50 and 100 °C 1.) As shipped
Enter reacted forgues in Nm: (50 and 100 % of max torgue) 2.) Target Life

Delta Speed, RPW
Test Units 5 10 20 50 100 15 200
Rise Time (tr): sec.
System Respdnse time(tsr) |sec.
Peak Overshogt (Mp) %
Time to Peak Torque (tp): Sec.
Torgue Accurapy %
Settling Time [ts): Sec.
Fall Time (powkred) Sec.
Fall Time (loss| of power) sec.

10. DYNAMIC RESPONSE PROFILE

The purpose of this

request signal. The dlata will defing the system’s frequency response performance.

The Swept Sine me
with simulation prog

10.1 Swept Sine:

test is to characterize and assess the coupling system’s capability to respond

thod facilitates the calculation of a transfer function for the AWD coupling to be
ams by"\OEM’s/suppliers to aid in system specification and coupling selection.

D a rapidly changing

used in conjunction

This test is related to non-homogenous vehicle surfaces such as transitioning from ice to snow to pavement. It also
encompasses the interaction of the vehicle’s stability system with AWD function (request for torque).
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When reacting to a swept sine input coupling request function, the coupling test rig set up shall be configured as outlined
in Figure 2, as described above. Due to high energy exerted during this test, thermal compensation is required to keep
the results consistent. The test shall consist of calculating a transfer function of the coupling, and the reacted torque
phase angle. The Transfer Function is defined by dividing the FFT of the delta torque by the FFT of the coupling request

message, as shown in Equation 1.

fit(OutputTorque)
fft(Coupling Re quest)

TransferFunction =

e The test shall conform to the following system control response characteristics:

o Exponential frequency sweep from 0.2 - 5Hz

e Report data in Table 2 up to 3Hz, and graph up to 5 Hz.

e Average torque jarget to be 55% of rated torque capacity

¢ Range of torque|request to be 30-80% of rated torque capacity

o Delta speeds: 5|50 and 100 RPM.

e Operating coupling temperatures (0, 20, 100 OC.)

10.2 Parameters fof Testing

The exponential frequency input parameters required to conduct the testing are listed. The swept s
function will rise accprding to the exponential instant frequency equation as shown below in Figure 6.

Exponential Frequency Input

e Sampling rate:256 Hz

e Length of test: 90 sec

45 //
v 4 7
T 35 Vi
.2 7
c 25 /

S 2 —
g 15 —
0.5 —
0 = __________
0 10 20 30 40 50 60 70 80 90
Time, (s)
FIGURE 6

(Eq. 1)

ne coupling request
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e Start Frequency: 0.2 Hz

e End Frequency: 5.0 Hz

e Sweep rate: 12

e Time(x) =1/ Sampling Rate: 90 s

e Constant, (a) = (End Freq-Start freq) / (exp ( Length of test / Sweep rate))

¢ Inst Frequency = a*(exp(Time(x)/Sweep rate)) + Start frequency

The equations govefning the coupling torque request are outlined below. Figure 7 shows the graphigal representation of
the requested torqug.

Sweep Sine Coupling Request
100 0.2 -5 Hz sweep
2 90
S ol R A A
2 oLl LUV VAU A AR
e sol ALV UL
3 sl HHHHIHHHJI
= ol MV VY VYUY
E 2
10
0o " 10 20 30 4 s e 70 8
Sweep Time, (s)

FIGURE 7
e Frequency Resgonse f(x) = Sine Amplitude*(Sine((Time (x)*2Pi * Instant frequency)))
e Maximum sine sjgnal: 80%

¢  Minimum sine signal: 30%

e Sine Amplitude F (Max sine signal - Min sine signal) / 2

The results of the test shall be reported as outlined below. The results shall be tabulated in a matrix shown in Table 2 as
well as in a graphical form in Figure 8.

Please note, the data is to be run at three rotational speeds, 5, 50 and 100 rpm. The data is then entered into one graph
up to 5 Hz.


https://saenorm.com/api/?name=af72f36c39a83a353c6473bb7b86d3df

SAE

J3011 Issued OCT2012

Page 11 of 18

TABLE 2 - TRANSFER FUNCTION RESULTS

DeltaM | Temp. |Frequency(Hz) TF(dB)
02
0°C
3
0.2
E e
I|..ll|.!lll
S0rpm 20°C
100rpm
3
02
100 °C
3

Torque Amplitude 30-80 % of Mak Rated Torque
5
50rpm-0C

L
I,
[
=]
§ 5 50rpm-20C
o
k3
£ 10
(= 50rpm-100C

15

1 2 3 4 5
Frequency[Hz]
FIGURE 8

10.3 Phase Angle Measurement:

Phase angle measurement is defined by a phase shift between the commanded sinusoidal input and the reacted torque.
Typically with increased frequency, the reacted torque phase angle will lag the command input. The amount of lag

(measured in degrees) is the resulting measured parameter. The example is presented in Figure below.
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TABLE 3 - REACTED PHASE ANGLE RESULTS

DeltaN | Temp. |Frequency(Hz)| RTPE(deg)
02
0°C 2
3
02
Srpm
50mpm | 20°C 2
100rpm
3
0.2
100 °C 2
3

_ Requested Torque
........ Reacted Torque

Torgue

Time (sec)

FIGURE 9

The measured data [scto'be tabulated in the matrix shown in Table 3 and graphed as shown in Figure|.

Please note that the data is to be run at three rotational speeds, 5, 50 and 100. The data is then entered into one graph.
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Torque Amplitude 30-80 % of Max Rated Torque

11. DRAG TORQUE

The purpose of this
unpowered state. TH
mentioned in the D
according to the typ
the test conditions fq

It is recommended
series is defined as
fixed time interval.

Be sure to exclude
process to be auton
sweep (which can ¢
has also been show

11.1 Parameters to|

efinition Section, section 4, at the beginningZof the document, the supplier sk
e of AWD system that is under test. Depending on the type of device being tes

0 acquire the data as a ‘stepped sweep’ test series as shown in Figure . The
b procedure whereby the dynamometer input motor is ramped to the target input

Coupling reacted torquée:

F )
S,
é -20 50rpm_0C
B 40
@
8 -60 50rpm_20C
o
g 80
o
IE A000 - g =
= v SOTPM—160C
2
§-120
2 0 1 2 3 4 5

Frequency[Hz]

FIGURE 10

BEHAVIOR

test is to characterize the minimum level of torque that is transmitted by the
is test is significant in determining the parasiticdess of the coupling which is par

r the step input test), the tested speed intervals will vary.

any inertial influences *during transitions between speed increments. It is re|
nated in the test cellseontrol system in order to minimize time between points 3
huse the unit to heat up beyond the target temperature if the sweep takes too lon
N to improve repeatability.

be Monitered and Recorded:

coupling during the
of the driveline. As
all perform the test
ed (see definition in

stepped sweep test
5peed and held for a

commended for the
nd total time for the
g); such automation

atiira mancrnd annardina o thia Antinne ~Avdbhinad ahav s Rao ciira o nota tha

location and type of

Coupling tempe

oo o T O o U o U o OO g to e OpP oo Ut C OO v T DT ouTCto—T1otTc—tiT

temperature measurement.

Coupling input current or voltage.
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11.2 Coupling Torque Measurement Procedure:
e Test conditions:

o Coupling Mode: Off (no power). If the coupling has a disconnect mode, ensure that the mode has been set prior
to beginning the test.

o Connected mode acceleration rate: 10 RPM / s.
o Disconnected mode acceleration rate: 250 RPM / s.
o Coupling st : —026; “CH{+2—=
o Record the drag torque in terms of torque vs. delta speed (graph)
o Speed should be controlled to within £ 0.5 RPM or 0.5 % from the target speed whichéever is larger.
o Delta Speeds:
e Connected Mode: (5, 10, 25, and 50 RPM)
¢ Disconnected Mode: (200, 350, 500, 1000, 1500, 2000, and 3000 RPM)

e In order to achieye repeatable results the coupling under test mustybe maintained at a target temgerature.

Speed & Torgue Profile
LS At S Al it LT VU T LT N LT i
' I I I ' I ' | I I ' I T J I I I
B0 Ty T R S A T A S Tl iyl v il B
E : : ; : : ; I : ; : : ; 4{ : . . . .
50 f-tm i e A T e ----} 50
o : i i | : A : i i | : | . . |
= : i i i : ' : i :"' i i : i i i i
- 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 uj
T AR IR s S T e S S A I S A R S A A R -
Q . L A A L A A 1 S S R B o
=% i i i i ] i i RN i o i i i i i ol
W30 oot S b N ' R R E i Ry o e AL =
+ 1 I I 1 1 I 1 I I 1 I 1 I I I I
g_ : i i st : i : i , \ i : i i i i
c 20+ ﬂ;’{r+ —mm - - mm S R e P R r----f 20
oo A L P | oo
10 . ; o . . . F A R oo (R SR SR SR E oo bo——-| 10
s A
Y S S s R . S o
0 ) 2 3 4 5 6 7 B g 10 11 12 13 14 15 16 17 1f
Time, sec
= nput Speed Profile === Torque

FIGURE 11

The most critical parameter to monitor during the test is the coupling temperature. Input torque must be stable and care
taken to be certain the test stand controls and input electric motor inertia do not adversely influence the measurement.
Ideally, all input speeds for a given run will be acquired as a continuous ‘stepped sweep’ test series to yield the most
repeatable results.
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