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IN THE UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF MICHIGAN

EATON CORPORATION. j 4D
Plainti{t, _ a
Case No. 03-74844 UJ\ X A
V.
7F MERITOR LLC. JURY TRIAL DEMANDED

ARVINMERITOR, INC. and

JUDGE GEORGE CARAM STEEH
ZF FRIEDRICHSHAFEN AG, o

L.
e A

Defendants.

e S

R . e N S

7d €2 N 9.
I

FIRST AMENDED COMPLAINT

Plaintif Eaton Corporation, by and through its undersigned attorneys, cémplain'“gof
defendants ZF Meritor LLC, ArvinMeritor, Inc. and ZF Friedrichshafen AG (“Defendants™), as

follows:;

The Parties

l. Plaintitf, Eaton Corporation {“Eaton™) ig a corporation duly organized and
cxisting under the laws of the State of Ohio having its principal place of business at Eaton
Center, Cleveland, Ohio 44114,

2. Defendant ZF Meritor LLC 15 2 Delaware hmited liability company with a place
of business at 2135 West Maple Road, Troy, Michigan.

3. Defendant ArvinMeritor, Inc. 15 a corporation organized and existing under the
laws of the State of Delaware, having its principal place of business at 2135 West Maple Road,
Troy, Michigan.

4. Defendant ZF Friedrichshafen AG 1s a corporation organized and existing undcr
the laws of Germany, having ils principal place of business at Allmannsweilerstrasse 25, 88046
’ Friedrichshafen, Germany. ZF Friedrichshafen AG is the lead entity in the ZF Group, a

worldwide automotive supplier of driveline and chassis technology consisting of over 80 entities.

ORIGINAL

5. Upon information and belief, ZF Friedrichshafen AG maintains production sites

at 200 N. Franklin, Zeeland, Michigan, operated as Autosports Unlimited, Inc., 3715 Clay
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Avenue, 8W, Grand Rapids, Michigan, opcrated as Cummins Michigan, and 4525 Clyde Park,
Grand Rapids, Michigan, operated as Michigan Caterpillar. Upon information and belief, ZF
North America maintains its North Amcrican Operations Technical Center at 15811 Centennial

Drive, Northville, Michigan.

0. The ZF Group’s Commercial Vehicle and Special Dnveline Technology division
produces various products, including the medium-duty and heavy-duty transmissions at issue.
Upon information and belicf, ZF Friedrichshafen AG imports components for the inftinging
transmissions al issue, including gearboxes (manufactured in Germany by ZF Friednichshafen
AQG), clutches (manufactured in Germany by ZF Sachs AG), and transmission control units
mitegral (o the imported gearboxes, to a Laurinburg, North Carolina facilily, where they are
asscmbled into FreedomLine transmission systems, which are sold to North American original
equipment manufacturers (“OEMs") for installation into newly manufactured medium-duty and
heavy-duty trucks. Once installed in medium-duty and heavy-duty trucks, FreedomLine

transmission systems operate and are controlled in a manner that infringes the patents at issue.

Jurisdiction and Venue

7. This is a claim for patent infringement and arises under the patent laws of the

United States, Title 35, United States Code.

8. This court has jurisdiction over the parties and over the subject matter of this

action under the provisions of Title 28, United States Code, Sections 1331 and 1338(a).

9, Personal jurisdiction over ZF Merilor LLC exisis because, on information and
belief, ZF Meritor LLC has transacled and continues to transact business in this judicial district

and has done and/or caused acls and/or consequences resulting in this action for tort.

10.  Personal jurisdiction over ArvinMcritor, Inc. exists becaunsc, on information and
behef, ArvinMeritor, Inc. has transacted and continucs to transact busincss in this judicial
district, has done and/or causcd acts and/or consequences resulting in this action for tort and has

a principal placc of business in this distriet.

11. Pcrsenal jurisdiction over ZF Friedrichshafen AG exists because, on information

and belief, ZF Friedrichshafen AG has transacted and continues to transact business in this
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judicial district and has done and/or caused acts and/or consequences resulting in this action for

tort.

12, Venue for this action properly lies within this judicial district under the provisions

of Title 28, United States Code, Sections 1391(c) and/or 1400(b).

Infringement of Letters Patent No. 4,899.279

13.  FEalon is thc owner by assignment of United States Patent No. 4,899,279 (“the
"279 patent™), which was duly and legally issued on February 6, 1990, for an invention entitled
“METHOD FOR CONTROLLING AMT SYSTEM INCLUDING WHEEL LOCK-UP
DETECTION AND TOLERANCE” {(Exhibit A), and Eaton has the right to bring this action and

recover for past infringement of the “279 patent and to enjoin fulure infringement thereof.

14.  Defendants have directly infringed, either literally or under the docttine of
equivalents, contributorily infringed and/or induced infringement of the "279 patent in violation
of Title 35, United States Code, Section 271, by making, using, selling and offering to sell or
importing into the United States products thal incorporate the inventions of the 279 patent as
covered by claim 15 of the patent and/or inducing others to undertake the infringing activities,

both within and outside this judicial district without any authonty 1o do so.

15. On information and belief, Defendants’ action of direct infringement, contributory
mfringement and/or inducement of infringement of the 279 patent has been deliberate and

willful, and will continue unless enjoined by this Court,

16.  Byreason of the infringement by Defendants alleged herein, Eaton has been and

will continue 1o be irreparably damaged unless said infringement is enjoined by this Court.

17. On information and belief, Defendants had actual and/or constructive notice of the

279 patent.

Infringement of Letters Patent No. 5,275,267

18. Eaton is the owncr by assignment of United States Patent No. 5,275,267 (“the
'267 patent™), which was duly and legally issued on January 4, 1994, for an invention entitled
“CLOSED LOOP LAUNCH AND CREEP CONTROL FOR AUTOMATIC CLUTCH WITH
ROBUST ALGORITHM™ (Exhibit B), and Eaton has the right to bring this action and recover

for past infingemeni of the *267 patent and to enjoin future infringement thereof.

3
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19.  Defendants have directly infringed, either literally or under the doctrinc of
cquivalents, contributorily infringed and/or induced infringement of the "267 patent in violation
of Title 35, United States Code, Section 271, by making, using, selling and offering to sell or
importing into the United States products that incorporate the inventions of the "267 patent as
covered by one or more claims of the patent and/or inducing others to undertake the infringing

activities, both within and outside this judicial district without any authority to do so.

20.  On information and belief, Defendants’ action of direct infringement, contributory
infringement and/or inducement of infringement of the "267 patcnt has been deliberate and

willful, and will continue unless enjoined by this Court.

21. By reason of the infringement by Defendants alleged herein, Eaton has been and

will continue to be irreparably damaged unless said infringement is enjoined by this Court.

22, On information and belief, Defendants had actual and/or constructive notice of the

'267 patent.

Infringement of Letters Patent No. 5,293,316

23, Eaton is the owner by assignment of United Statcs Patent No. 5,293,316 (“the
*316 patent™), which was duly and legally issucd on March 8, 1994, for an invention entitled
“CLOSED LOOP LAUNCH AND CREEP CONTROL FOR AUTOMATIC CLUTCH"
{Exhibit C), and Eaton has the right to bring this action and recover for past infringement of the

*316 patent and to enjoin fulure infingement thereof,

24,  Defendants have directly infringed, either literally or under the doctrine of
equivalents, contributorily infringed and/or induced infringement of the 316 patent in violation
of Title 35, United States Code, Section 271, by making, using, setling and offering to scll or
importing into the United States products that incorporate the inventions of the "316 patent as
covered by one or more claims of the patent and/or inducing others to undertake the infringing

aclivities, both within and outside ttng judicial district without any authority to do so.

25, Ominformation and belief, Defendants’ action of direcl mfringement, contributory
infringement and/or inducement of infringement of the 316 patent has been deliberate and

willfirl, and will continue unless enjoined by this Couut.
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26. By reason of the infringement by Defendants alleged herein, Eaton has been and

will continue to be irreparably damaged unless said infringement is enjoined by this Court.

27. On information and belief, Defendants had actual and/or constructive notice of the

"316 patent.

Infringement of Letters Patent No. 5,403,249

28.  Eaion is the owner by assignment of United Statcs Patent No. 5,403,249 (“the
"249 patent™), which was duly and legally 1ssued on April 4, 1995, for an invention entitled
“METHOD AND APPARATUS FOR ROBUST AUTOMATIC CLUTCH CONTROL”
(Exhibit D), and Eaton has the right to bring this action and recover for past infringement of the

*249 patent and to enjoin future infringement thereof.

29.  Defendants have directly infringed, either literally or under the doctrine of
equivalents, contributorily infringed and/or induced infringement of the "249 patent in violation
of Title 35, United States Code, Section 271, by making, using, sclling and offering to sell or
importing into the United States products that incorporate the inventions of the 249 patent as
covered by one or more claims of the patent and/or inducing others to undertake the infringing

activities, both within and outside this judicial district without any authority to do so.

30. On information and belief, Defendants’ action of direct infringement, contributory
infringement and/or inducement of infringement of the *249 patent has becn deliberate and

wiliful, and will continue unless enjoined by this Court.

31. By reason of the infringement by Defendants alleged herein, Eaton has been and

will continue to be ireparably damaged unless said infringement is enjoined by this Court.

32. On information and belief, Defendants had actual and/or constructive noticc of the

"249 patent.

Infringement of Letters Patent No. 5,439,428
33,  Eaton is the owncr by assignment of United States Patent No. 5,439,428 (“the
'428 patent”), which was duly and legally 1ssued on August 8, 1995, for an invention entitled
*METHOD AND APPARATUS FOR ROBUST AUTOMATIC CLUTCH CONTROL WITH
PID REGULATION" (Exhibit E), and Eaton has the right to bring this action and recover for

past infringement of the "428 patent and to enjoin future infringement thereof.

3
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34,  Defendants have directly infringed, either literally or under the doclrine of

equivalents, contributorily infringed and/or induced infringement of the "428 patent in violation
of Title 35, United States Code, Section 271, by making, using, selling and offering to sell or
importing inio the United States products that incorporatc the inventions of the '428 patent as
covered by one or more claims of the patent and/or inducing others to undertake the infringing

activities, both within and outside this judicial district without any authority to do so.

35, On information and belief, Defendants’ action of direct infringement, contributory
infringement and/or inducement of infringement of the "428 patent has been deliberate and

willful, and will continue unless emyoined by this Court.

36. By reason of the infringement by Defendants alleged herein, Eaton has been and

will continue to be irreparably damaged unless said infongement 1 emjoined by this Court.

37. On information and belief, Defendants had actual and/or constructive notice of the

428 patent,

Infringement of Letters Patent No. 5,624,350

38,  Eaton s the owner by asgignment of United States Patent No, 5,624,350 (“the
*350 patent™), which was duly and legally issued on April 29, 1997, for an invention entitled
“AUTOMATED CLUTCH CONTROL AND CALIBRATION” (Exhibit F), and Eaton has the
right to bring this action and recover for past infnngement of the “350 patent and to enjoin future

mfrningement thersof.

39, Defendants have directly infringed, either literally or under the doctrine of
equivalents, contributorily infringed and/or induced infringement of the “350 patent in violation
of Title 35, United States Code, Section 271, by making, using, sclling and offering to sell or
importing into the United States products that incorporate the inventions of the 350 patent as
covered by claim 1 of the patent and/or inducing others to undertake the infringing activities,

both within and outside this judicial district without any authority to do so.

40.  On information and belief, Defendants’ action of direct infringement, contributory
mfringement and/or inducement of infringement of the *350 patent has been deliberate and

willful, and will continue unless enjoined by this Court,
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41, By reason of the infringecment by Defendants alleged herein, Eaton has been and

will continue to be irreparably damaged unless said infringement is enjoined by this Court.

42, On information and belief, Defendants had actual and/or construclive notice of the

"350 paientl.

Infringement of Letters Patent No. 5,664,458

43,  Eaton is the owner by assignment of United Stales Patenl No. 5,664,458 (“the
*458 patent™), which was duly and legally issued on September 9, 1997, for an invention entitled
“ROLLING START CONTROL SYSTEM/METHOD FOR SEMI-AUTOMATED
MECHANICAL TRANSMISSIONS™ (Exhibit 3), and Eaton has the right to bring this action

and recover for past infringement of the "458 patent and to enjoin future infringement thereof.

44,  Defendants have directly infringed, either literally or under the doctrine of
equivalents, contributorily infringed and/or induced infringement of the "458 patent in violation
ol Title 35, United States Code, Section 271, by making, using, selling and offering to sell or
importing into the United States products that incorporate the inventions of the "458 patent as
covered by one or more claims of the patent and/or inducing others to undertake the infringing

activities, both within and outside (g judicial district without any authority to do so.

45, On information and belief, Defendants’ action of direct infringement, contributory
infringement and/or inducement of infringement of the *458 patent has been deliberate and

willful, and will continue unless enjoined by this Court.

46.  Byreason of the infringement by Defendants alleged herein, Eaton has been and

will continue to be irreparably damaged unless said infringement is enjoined by this Court,

47. On information and belief, Defendants had actual and/or constructive notice of the

458 patent.

Praver for Relief

Wherefore, Eaton prays for the entry of a judgment providing:
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a. That Defendants have infringed one or more claims of United States Letters

Patent Nos. 4,899,279; 5,275,267, 5,293,316; 5,403,249; 5,439,428; 5,624,350, and 5,664,458.

b. That Defendants’ infringement of one or more claims of United States Letters
Patent Nos. 4,899,279; 5,275,267; 5,293,316; 5,403,249; 5,439,428, 5,624,350; and 5,664,458

has been willful and deliberate.

C. That Defendants, their officers, agents, employees, privies, successors, and
assigns, all persons and cntitics holding by, through or under them, and those acting for or on
their behalf, in accordance with Title 35, United States Code, Section 283, be permanently
enjoined [rom further dircet, contributory or inducement of infringement of United States Letters

Patent Nos. 4,899,279; 5,275,267; 5,293,316; 5,403,249; 5,439 428: 5.624,350; and 5,664,458,

d. That Defendants account for and pay to Eaton all damages caused to Eaton by
Defendants’ infringement of United States Letters Patent Nos, 4,899,279; 5,275,267, 5,293,316,
5,403,249; 5,439,428; 5,624,350; and 5,664,458, and in accordance with Title 35, United States
Code, Section 284, that such damages be trebled in view of the dcliberate and willful nature of

the infringement of such patent.

e. That Eaton be granted pre-judgment and posi-judgment interest on the damages
caused to it by reason of Defendants” infringement of United States Letters Patent Nos.
4,899,279; 5,275,267, 5,293,316, 5,403,249; 5,439,428; 5,624.350; and 5,664,458,

f. Thal Ealon be granted its reasonable attorney fees, in accordance with Title 35,
United Statcs Code, Scetion 285, in view of the willful and deliberate infringement of United
States Letters Patent Nos, 4,899,279, 5,275,267; 5,293,316; 5,403,249, 5,439,428, 5,624,350,
and 5,664,458.

18 That Eaton be granted such other and further relief as the equity of the casc may

require and the court may deem just and proper.

CH 710.1 11933 00001 3/6/2005 09:25atn



2:03-cv-74844-GCS-RSW Doc #19 Filed 05/23/05 Pg9of50 PgID 201

Demand for Jury Trial

Eaton herchy requests a trial by jury.

STROBL CUNNINGHAM & SHARP, P.C.

Alan C. Harnisch (P14654)
Attomeys for Plaintiff
300 East Long Lake Road, Suite 200
Bloomfield Hills, Michigan 48304-2376
(248) 540-2300
Facsimile: (248) 205-2738

DATED: MAY 11, 2005
OF COUNSEL:

Michael H. King

Kcith P. Schoencberger

spencer R, Wood

LEBOEUF, LAMB, GREENE & MACRAE
Two Prudential Plaza

180 North Stetson Avenue, Suite 1175
Chicago, IL 60601-6783

(312) 794-8000

(312) 794-8100 (facsimile)

William H, Mandir

John F. Rabena

SUGHRUE MION, PLLC

2100 Pennsylvama Avenue NW
Washington, D.C. 20037

(202) 293-7060

(202) 293-7860 (facsimile)

JADQCSZ300 101 2pldg\SB 147623.100C

CH 71001 11935 D000 5/6/2005 (0%:25am




2:03-cv-74844-GCS-RSW Doc # 19 Filed 05/23/05 Pg 10 of 50 Pg ID 202

UNITED STATES DISTRICT COURT
EASTERN DISTRICT OF MICHIGAN

y

SEE CASE FILE FOR
ADDITIONAL
DOCUMENTS OR PAGES
THAT WERE NOT
SCANNED

10




2:03-cv-74844-GCS-RSW Doc # 19 Filed 05/23/05 Pg 11 of 50 Pg ID 203

UNITED STATES DISTRICT COURT
EASTERN DISTRICT OF MICHIGAN

SOUTHERN DIVISION
EATON CORPORATION Case No. 03-74844
Hon. George Caram Steeh
Plaintifl
V5.
&
ZF MERITOR LLC, == I?
ARVINMERITOR, INC., and =< -
ZF FRIEDRICHSHAFEN AG ~ 1
Defendants M ok
& /

CERTIFICATE OF SERVICE

Jeanette Skladanowski, being first duly sworn, deposes and states that on the 20™ day

of MAY, 2005, she did hereby serve copies ol FIRST AMENDED COMPLAINT and DEMAND

FOR JURY TRIAL upon:

GARY M. ROPSKI, ESQ.

Brinks, Hofer, Gilson & Lione

455 N. Cityfronl Plaza Drive, Suite 3600
Chicago, Illinois 60611-5599

DAVID D. MURRAY, ESQ.
RAYMOND JI. VIVACQUA, ESQ.
Brinks, Hofer, Gilson & Lionc

524 8. Mamn Street, Suite 200

Ann Arbor, Michigan 48104-7902

Pagc 1 of 2

ORIGINAL




Bloomficld Hills, Michigan.
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via First Class Mail with postage [ully affixed thereon and deposited in a U.S. mail receptaclc in

I declare that the above stalements are true to the best of my knowledge, information

and belief.

DATED: MAY 20, 2005

di\myfiles\eaton\zf mertoricertificate of service {amended complaing)

Jeanetie Skladanowski, Legal Assistant
Strobl Cunningham & Sharp, P.C.

300 East Long lake Road, Suite 200
Bloomfield Hills, Michigan 48304-2376
(248) 540-2300

Pagec 2 of 2
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United States Patent (9 (11} Patént Number: 4,899,279
Cote et zl, [45] Date of Paient:  Feb. 6, 1990
[54) METHOD POR CONTROLLING AMT TR Y L LR e T — 3/108

SYSTEM INCLUDING WHERL LOCK-UFP 4,673,226 6/1987 Every #f al. e 1647426

(73]

73]
f21]
{22

51
&4

18]

(36

DETECTION AND TOTLERANCE

[nvemor: Willism F. Cote, Parmington Hills,
Robert R Srrth, Bloamfisid Hills,
beh of Mich

Assignes:  Eaton Corperstlon, Cleveland, Ohier
Appl. No.. 348,610
Filad: Apr. 7, 1986

It CLA wonirsin e rrsoessstests s ess i st e Bo0K 41/03
LT o OOV 364 424.05; 364/571.01;
T4/866

Figld of Search ... - 364/424.1, 426, 3T1.0L
180/197; 303792, 93, 99, 103, 114, 116, 115,

100; 1837181 A; 74,866, B58; 73/116.1

Refercpees Chied
.5, PATENT DOCUMENTS

451589 £/1984 Beokinang o Bl o 3642026
4,491,919 1/1985 Leiver 3647426
4511971 471985 DHtner ef gl . oocorsananer 308/108

FOREIGN PATENT DOCUMENTS

1405787 971975 United Kingdom .
2090921 1A1982  United Klogdom -

Prirary Examiner—Parshotam 5, Lall

Asciyrant Examinsr-—Ellis B, Rarmirer

Artornap, Agent, or Firm—H. D). Gordon

157 ABSTRACT

A meathod for controlling st AMT System [10) is pro-
vided inclading sensing the presence of an existing or
impending wheesl lock-up condition and modifying the
method for conirolling the dystem (o respond to said
wheel kwek-up condition In as safe o menser g possible.
The method for controlling the AMT System {10} in
respanse to senging A whee! lock-up condidon ineledes
imenediately releaging the clutch or coupling (14} and
prohibiting the centeal processing unit (86) from bitving
ARy transmission chenge gprar eommand oulput signals,

15 Claims, 3 Drawing Shests
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1

METHOD FOR CONTROLLING AMT SYSTEM
INCLUDING WHEEL LOCE-UP DETECTION AN
TOLERANCE

BACEGQROUND OF THE INVENTION

1. Ficld of the Invention

This invention relates to conirol aystems ead methods
for automatic teansmmissions providing a pluzality of
pear reduction ratios, sach sf sutomatic mechanical
trapamission (.e. “AMT's"). In particular, the present
invemting relatas to contral systems gnd methods. for
vehicle sutomatiz mechapical tranemisgion systemy
whereln gear pelaction and shift decisions dre made and
executed based upon messured snd/or caleulated pa-
tameters such as vehicle and/or output shaft speed,
transmission fnput shift speed, engine speed, throttle
position, rate of change of throttis position, rate of
change of vehicle and/or engine spred and the like.
More particulardy, the prosent invention relatés to a
methsd for controlling a vehicle AMT system inclnd-
ing sansing or detesting of a siid or wheel lock-up
vondition, responding to the detection of & skid condi-
tion and system recovery foetm a skid or whee! lock-ap
condition. -

2. Description of the Prior Art

The use of autometic transmissions of both the auto-
matle mechanical type ntﬂlﬂng positive clutohes and of
the planetary geer type wtikzmg frictional clulches is
well known in the prior art 45 are control sysiems thers-
for. Blcotronic control systems utilizing discrete logic
circuits snd/or soffware controlled micraprocessars for
automatic (ransmissious wherein gear selection and shift
decisions are made based upon certain measured and/or
culcnlated parameters such as vehicle spesd {or trans-
mission oueput shaft speed), transmission input shaft
speed, engine speed, rate of ohange of vehicie speed,
rate of change of engine spocd, throttle position, rte of
change of throttle position; full depression of the throt-
e (Le. “"kickdows"), actuation of tho braking reecha-
nism, currently sngaged gear rado, and the ke are
¥mown in the prior art Examples of such automatic
wangmission comirel systems for vehicles may be seon
by refesence to U.S. Pat. Nos. 4,361,060, 4,551,802
& 57T 447, 4.425,620; 4,463,427, 4,081,065 4,073,103
4,253 344, 4)030,889; 4,276,295; 3,776,048, 4,208,929
4,039,081; 3,974,720, 3,478,851 and 3,942,393, the dlsclo-
sures of which are ail hereby incorporated by referdnoe,

Vohicls brake anti-skid or enti-ock systems are alse
well known in prior att. Briefly, 25 locking-up or skid-
ding af a-vehicle's whesls will provide lsss than optimal
stopping dnd comrel of & vehicle, it is degirable to sonms
actual or impending wheel lock-op and, if such wheel
lock-up conditions arc sensed, to allow the wheels to
roli-up te vehicle speed prior to reupplying the vehicle
brekes, Examples of anti-ekid or anti-lock beaks yystems
mxy be asen by reference to U5, Pat. Nos. 3,767,270
1,768,87%; 3,454,556, ,920,284; 3,929,382; 3,996,267 und
1,995,912, the disclosares of which are hereby incorpo-
rated by referomce. ‘

While the above referenced sutomstic or semi-
automatic mechanical transmission (Le, “AMT™) con-
trol systems, and similor gystems, are effective to cog-
trol an autornatie Grankmission by sclecting a desired
gear ratio which will tend to optimize the fuel economy
and/or performance of the velucie in view of the sensad
purmmeters and/or commanding a shift into a selected
gear ratio, such control systems were pot totally accepts

o
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sble ax the predetermined pragrams, or control meth-
ods, utilized did not inelude Jogic to sense an actasl or
impending lock-up or skid condition (also referred to as
when! lock-up conditions) and/or did not modify the
programs 1o provide optimal operation in view of de
tection of 8 wheet lock-up condition,

A whest Tock-up condition presents severat problems
telated to control of a vehicle AMT system, these n-
clude the inertia of the engine and cltch on the wheels
which may delay the wheels' ability to mil-up to vebd-
ole spead, the circnmstance that the vajue of the output
shaft spoed signal may not be ludicative of vehicle speed
during = skid which may caase the transmission system
to undesirably attempt one or more rapid downshift and
the raquirement of providing the system with the ability
to revalidate the ontpul shafl spesd signal as a (rae
indication of vehicle tpead at expected termination of &
whee! lock-up conditton.

SUMMARY OF THE INVENTION

in eecordance with the present invention, the draw-
bacix of the prior art have been overcome ot Witimired
by providing & control syitem, praferably an electronte
control system, and a contrel method, for avtomatic
mechanical trapemission systems wherddn gear selaction
and shift decisions ave made and exeouted based upon
mepstred and/er calonlated parameters including input
slgnals indicative of cngine speed, trangmission inpwt
shaft speed and: transmission outpyt shaft speed, Other
inputs/parameters, such as signals indicative of throttle
pasition and/or rate of change of throllle pesition, con-
dition of the mesier clutch, currently cngaged gear
ratio, operation of the vehicle brakes, cte, ate alsh ut-
lized 1o make decisions for conwrol of the AMT system.
The methed provides for sensing 4 wheel lock-up eoa-
dition and modifying the control algorithms in response
theretc.

Utilizing an alternate control method or algorithm
structured specifically to o sensed nansstandard condi-
tiom, such &5 a sensad whee! lock-up condition, in place
of the control algorithm willized in the absance of snch
non-standard conditions ia for purposes of describing
this invention, referred to a modification to the control
algorithm or program by which input signalz are pro-
cessed for iwsuing the command sutput §ignals by which
the AMT is conwolied.

The above is accomplished by providing the elec-
tronie control unit with input mesns for receiving a
siynal indicative of & wheel Tock-up, auch a3 from 2
vehicle anti-lock system, and/or includes logic o pro-
cess the input slgmals to determine the presence or ab-
seace of 3 wheel lock-up condition, Upon sensing af a
wheel lock-up, the control mathed causes the vehicie
cluteh, or other completely disengagable coupling, o
be and to remnin disengaged and censes all gear chang-
ing uperations thus allowing the wheels to roll-up to
vehicls speed and preventing undesirable downshifting
of e trensmigeion. The methed further ineludes sens-
ing condifions imedicative of whesl lock-up eondition
terminated 104, in response to sending possible wheel
logk-up cendition termination, steps for verification of
the output shaft speed signal indication of vehicle speed,
aflowing nommal operation of the AMT zvatem to re-
surne.

Accordingly, it is an object of the presept mventioa
to provide & new and improved methad for controfling
avehicle AMT system including seasing of wheel logk-
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up conditions and modifying of the system control algo-

rithm in iolerance of such sensed lock-up conditions,
‘This and other obiects and advantages of the present

invention will become apparent from & reading of the

description of the prefemed embodiment taken in con-

nection with the gttached drawings,

BRIEF DESCRIFTION OF THE DRAWINGS

FIG. 1 is a schewsatic illustration of the components
and mterconnestions of the automatic mechanical trang-
missinn control system of the present invention.

FIGS. 2A-2B are symbolic ilustrations, in Lhe form
of a flow chart, lustrating the preferved manner of
practicing the method of the present invention.

DESCRIFTION OF THE PREFERRED
EMBODIMENT

FIC3. 1 schematoally Hluseates & vehicular aulomatic
mechanjcal transmission system 10 including an aubo-
matic mult-speed chanpge gaar transmisgion 11 drven
by a throtthe control englae 12, such a5 3 well known
diesc] engine, throngh 2 masier chaek 14, The output of
amtomatic transmission 11 ks ootput shaft 16 which is
adapted for driving consection (9 an approptinte vebi-
cle component such as the differential head assembly 18
of a vehicle drive azle 20. The sbove-mentioned power
trein components sre acted upon and motitored by
several devices ¢ach of which will be discussed
greater detail below. These devies include a thratile
position or throttle opening monitor 2ssembly 211 which
senses pogition of the opetator coatroliad vebicle throt-
tla or other fusl throttlng device 24, a fug! control
device 26 for contrelling the ameunt of fucl % be sup-
plied to 1he eaging 12, an engine spesd sensor 38 which
senses the rotational speed of the engine, a cluich apera-
tor 39 which engages and disengages master cluich 14
and which may also supply information as to the states
of tbe cintoh, a transmission input shaft spesd sensor 32,
a transmission aperator M which i effective o shift the
trapdmission 11 isto a selected genr ratio and which may
provide a signal icdicative of the currantly engaged
geur ratio, and a transmisaion output shaft speed sensor
36, Alternatively, the currently engaped ratio may be
determinad by comparison of input shafl to owfput shaft
speads. A vehicle brake monitor 38 may be provided for
sensing setuation of the velicle brake pedsl 40.

The vehicle may also be pravided with a vehicle
anti-lock system a5 iz well knewn in the prior art and
indicated gencrally =t 42. Briefly, the aari-lock system
includes a central anti-lock logic unit 44 which receives
input signals from varions wheel speed sensors such as
sensors 46 end 48 for determination as to the existence
of an sctual or impending wheel lock-up condition and
issums sutput commands (o braks operators 50 and 52 to
optimize stopping snd coptral of the vehicle as is well
krivwss i the peior art. i the vehicle is equipped with
ah anti-lock system 42, the system may provide an inpat
signal by means of skid of lock-up sensor 54 to the AMT
gystem 10,

The above mentioned AMT system devices supply
information (0 or gecept commands from a central pre-

ceasing umit ar control 56, The centra] processing umit

56 may include snalogue and/or digital electronie logie
hardware or, preferably, i3 microprocessor bused and
utillzes logic in a software mode. The central processing
unit 56 aleo receives information from a shift contral
assembly 5% by which the vehicle aperator may select a
reverse (R, neutral (M) or forward drive (D) mode of
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operation of the vehicle. An alecirical power sodrce
{not shown) and/or source of pressudzed fluid {not
shown) provides electrical and/or pocumatie power to
the various sensing, operating, and/or processing units.
Prive train components end coutrols therefore of the
type deseribed above are known in the prior art and
may be appreciated in greater detail by reference to
sbove-mentioned U5, Pat Wos. 3,478,851, 3,776,048,
4,038,839; 4,081,065; 4,274,295 and 4,361,060

Sersors 22, 28, A2, 36, 38, 84 and/or 58 may be of any
known type or construction for generating snalogue of
digital signais proportonal to the parameter monitored
thereby, Similarly, operators 16, 30, 34, 50 and 52 rany
be of any known slectrical, preumstic or electropnesu-
matic type exccuting operations 1o respatise W Com-
mand signals from processing unit 56 or 44. Tha fuel
eoptral aotuatar 26 will normally sapply fuel (o engine
12 in accordance with the operator setting of throttle 24
but may supply A lesser (fuel dip) or greater (fuel boost)
ameunt of fuel in accordance with command from con-
trol unds 56

The purpnse of the ceatin] procesting it 56 i3 1o
sefect, in atcordance with o program (i.e. predeier-
mined logic rules) and current or stored parametats, the
optimun gear ratio in which transmission 11 should be
aperating and, if necessary, 1o command a gear change
or shift into the selected optimul pear tatio based upon
the current and/or stored information.

The various functions to be performed by CPU 56,
and a preferred manner of performing satne may be seen
in greater detail by reference to allowed US. patent
application Ser, No, 635%,114, now U5 Pat. No.
4,595,986, fled Oct. 10, 1984 and to published Sociely
of Auntomotive Engineart SAE Paper No. 8311776 pub-
lishied Mav, 1983, the disclosures of which thereby in-
corporated by teference.

It the event of a wheel lock-up or akid condition, it i
Impartant that the AMT system control logie be pro-
vided with a method to detent such conditions as the
inpul signal fiom sensor 36 indicative of the rotational
speed of the transmission output shaft may not provide
a true indication of the velocity of the vehicle and thus
the system may attempt undesirable dovnshifts of trans-
miggion 11, Further, it i3 desirable that the nertia of
engice 12 and cluich 14 und be disconnested from the
braked vehicle drive wheels 60 allowing same to
quickly ralbap to vehicle jpeed to provide an optimal
vehicle stepping and control situation.

Sensing of an gchaal or impending wheel lock-up
condition by the AMT central processitig unit 5§ is
relativeiy simple and may comprise, in the alternative,
providing for receiving a signal from a vehicle anti-lock
system 42 if the vehicle is provided with such sn anti-
lock zystern or, by differentiating the signal from trans-
mission ontput shaft speed semsor 36 and comparing
same to 4 reference signal corresponding or related to
the maximwn possible rate of deccloration of the output
shaft when the tires rre maintaining a rolling friction
with the roud, When a vehicle goes into a skid, the tires
6D, and thus cutput shaft 16, decelarate at 2 rate much
geeater than that possible if rolling friction i3 main-
tained, Thercfore, whenever an autput shaft decelzim-
ton is detected which saceeds the maximum rate possi-
ble for & rolling tire, it must be a skdd condition, As soon
4% a skid is detected, the current output shaft speed is
saved 50 that it can be used later in & skid recovery
elgorithm as will be discussed in greater detadl below.
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After detecting that a stid or wheel lock-up condition
exints, it I nepegsary for the gystem 10, to respond to the
detected condition in a safe a manner 35 posgible. The
gperationat logic, or method of controlling the AMT
system 10 in cesponse o the detecting of a skid condi- 3
tion i3 to immediately reicase the clutoh or coopling 14
nd to inhibit the centrel processing uait 56 from at-
tempting a transmission gear change. The above re-
sponse allowt the vehicle operstar to ride out the skid
episode without having to fight engine tarque and free 10
from worry that the transmission system 30 will dacide
to downshift during the skid. Both are impottant as
raleasing the coapling 14 allows the braked wheels 60 to
rotl-up to vehicle speed unimpaded by the nertia of the
cngine 12 and input plates of elutch 34 whils prohibiting 13
gear changes in transmiszion 11 prevents output sheft
spead sigoais, which are not truly representative of
vehicle speed during a whes lock-up, to cause the logie
to attempt an undesirable single or multpls downshift.

It ig implisit in the skid tolerance logic of the present 20
method chat the skid or wheal lock-up was initiated by
excessive brake torque being applied on 3 slippery sur-
fave, Thereforn, the throttle 24 i3 not belng apphied, the
angine 12 will sutomaticslly idle down and the output
shaft speed will bt at & minimal value and will not be 25
indicative of vehicle spead. Until the output shaft speed
obtalne a predetermined percentage af prelock-up value
and /¢ throttle 12 is reapplied it is agsumed that the skid
s 9t} procesding ceusing the clutch 14 to remain disen-
gaged and all shift commands from contrnller 56 to 30
temain prohibited.

The present method allows the logic to sense possible
termination of a previovsly deoied skid condition and
provides steps t@ verify that, and/or cause the ouniput
shaft speed input signal from sensor 36 is representative 15
of vehicle speed.

First, the current ottpot shaft speed (“O5,™) is com-
pared against the owtput shaft spend (MO8,”) saved
when the skid was first detected. If the curtest output
shaft speed iz equal to or grester than a predetermined 40

© percentage, such as 75%, of the saved oufput zhafl
speed, it is presumed to be correct (Le. representalive of
vehicle speed) and after a short delay, skad regavery is
allowed to procesd by resoming control of the AMT
"gystern 10 by the non-wheel lock-up control algorithme. 43
If, on the other hand, current output shaft speed, 08,
did not recover to 75% of the saved owput shafl speed,
05, it is necessary to take further steps to detenmine if
the vehicle is still skidding. The vehicle operator resp-
plying the throttle 24, as sensed by theoltle position 50
sensor 23, is laken a8 an indication that the skid condi-
ton has probably ended apd the eperator wishes the
vehicle to procesd in & pormal manner. Upon sensing
reapplicntion of the throttls 24, the AMT system logic
is provided with a method to make a decision as to 35
whether the information being pravided by the owtpwt
shaft speed sensor 36 i correct (Le indicative of vehicle
speed) or If oue or more of the vehicle drive wheels is
still sding, A two-siep method i otilized to make this
logle decision.’ &0

In order to determine ¥ the drive wheels are still
sliding, and o causc the drive wheels not to slide, en-
gine spead s synchronized with the preatér of outpet
shaft spced times gear ratio, or engine idle spead, and
the clutch 14 is applied. I clutch losk-up in echieved 63
then the throttle {8 soothly increased up 10 o reference
vahue no grester then the point requested by the driver,
Clatch 14 lock-up is considered to oceur if the clulch
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can be folly engaged withoul stalling the engine. Dor-
ing a short delay, snch ms ohe-hslf of a second, after
clutch lock-up is achigved, the change In owtput shaft
speed is caleniated and compared to reference equal
greatest expact outpnt shaft acceleoation (GO%/dt)
under rolling friction conditions. If dOS/dt does not
exceet the teference, the skid iy considered (o have
terminated.

TF chrieh dock-ap could not be achisved oo the initial
attempt it is mxsumed thit the vehicle has skidded dewn
to & stop or at least a vary low speed and the ontpot
shaft speed input signa} i tryly representative of vehicle
speed. Transmission shift decisions are permitted to
procend and, after & short delay, such as one-half of one
second, the clutch 14 can be reapplied.

As stated above, the centrel procesing unit 56 Te-
cabves variows imput signals and procested these and/or
stored information in sveordsnce with s peogram of
predetermined logic rules to issue commeand output
signals for operation of the AMT System 10, Periodi-
cally, preferably at Jeast once during each pericd of
thme in which the varlous mechanical actuators can
yeact to'a command output signal, the logic will verify
the existence or non-exisience of 2 wheel lock-up condi-
ton and, if necessary, adopt a set of logic rules or
method of operation tolerant to said sensed condition.
Aasuming central processing uzit 56 is 2 microprocodsor
base control unit, 4 complere cycle of procossing cur-
rent and stored perametars and inseing command outprt
signals can be accomplishod In lesa than 13-20 millieec-
onda while a typical mrechanical actuator, swch as 2
solenodd controlled valve or the like, will require 2
minimum of =30 milliscconds to cause even inital
wavements of a controdled menber,

Althaugh the AMT Systam 10 has heen described a8
utilizing & microprocessor base contral processing whit
&6 aud the mathods and operstiong cerried out as soft-
ware modes or algorithans, it is ¢lear that the operations
can also be carried out i electronic/flnidic logle eir-
cuity comprising a discrete hardware componepls.

The clutch opsrator 3 is prefembly controllad by the

.centrd] processing unit 56 and may engage and disen-

gage master clurch 14 as described in above-mentioned
U.S. Pat. Mo, 4,081,065 Transmission 11 may include
synchronking means, such as an aceeleralor and for a
brake mechanjsm as described in above-mentioned U5,
Pul. No. 3,478,851, The transmission 11 ia preferably,
but not necessarily, of the {win countershaft type ns ket
in 19.5. Pat. No, 3,104,395, hereby incotporated by ref-
ETEACE. ,

Althaugh the present invention has been set forth
with a certaln degroe of partiealarity, it is wderstoad
that the varions modificatiens are possible without de-
parting from the spirit and the scope of the inventiod a3
hereimafter claimed

We claim:

1. A eantrol methed for controlllng a vehicular zalo-
marie mechanical transmisdon system gtilized in con-
pection with a vehicle equipped with vehicle wheel
brakes for refarding the rotation of &t least one of the
vehigla drive wheels, said sutontatic mechanical trang.
nission system comprising 2 thronlecontrolled engine,
a change gear transmissice having & plutality of gear
rutio combipations selectably sngagable between a
\ranamission imput shafi and the transmission outpul
shaft, tatd transmission owtput shaft drivingly coupled
to spid vehicle drive whesls, and a disengegable cou-
pling drivingly interposed said angine and said transmis-
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sion input shelt, seid automatic mechanical trapsmizsion
syatem additionslly comprising &n information process-
ing umit having means for receiving a plurality of joput
signals including (1) an input signal indicative of the
rolutional spoed of said transnission output shaft, and
(2) an input signal indicative of operator set thrattle
pusition, said processing wnit including means for pro-
cessing safd input signals in secordance with » program
to prowvide a predetermined gear ratho for 3 gives com-
hination of input signals and for generating command
output signals whereby said transmission system is oper-
ated in agoordapce with said program, dnd méans avse-
ciated with said transmission system effective to actnate
said transmigsion system to effect engagement of one of
said gear ratic combination in response to said output
sigaals from said processing unit, the method character-
[P

semsittg the presence of & wheel lock-up condition;

and

if the presence of a wheel lock-up condition is sensed,

cawsing said coupling to be immediately disen-
gaged, and then processing said input signals to
determine if seid previously sensed existing or imi-
pending wheel lock comdittons bave termninaied if,
after sensing the presence of a wheel lock-up con-
dition, the sensed throttle position exceeds a prade-
termined minimum reference value.

1. The control method of claim ¥ wherein sensing the
presence of 4 wheal lock-up conditdon compizes differ-
entiating with respest to time the vajue of the cutrent
inpet signal indicative of the rotational spesd of the
trnsmission output shaft and comparing sald differend-
mled value {o a reference vatue related 1o the meximum

transmissinn output shaft deceleration possible if roliing -

friction 3 waintained at the vehicls drive wheels.

3. The controt methad of claim 1 wherein said vehi-
cle is equipped with a velicle brake anti-lock syseem
and sald sensing of the pretence of a wheel Jock-up
condition comprises recaiving an input signal indicatve
of the presence of a wheel lock-up condition from said
anti-lock system.

4. The control method of claim I wherein said input
signais additionally include (3) mn inpul signal indicative
of & rotationel speed of said enpine, (4} an input signal
indicative of the rotational speed of seid transmission
input shaft, and (6) an input signal indicative of the
engaged and disengaged conditions of said coupling,
said method includitg the farther sieps of:

causing sid engime to rotals it a spesd substandally

equal to the speed of said input shaft;

aetuating the coupling:

determing if the clutch can be fwlly engaged while

maintaining the engine specd equal to the transris.
gign input shaft speed but greater than the stall
speed of the sngine;

teturning 1o the non-wheel lock-up eontral algorithm

for said automatic mechanicad transmission system
of taid conpling can not be fully engaged with said
engine maintained ‘gt fnput sheft without stalling
same; and

if said coupling can be fully engaged with said engine

maintained at input shaft retational speed with
stafling the sngine, cavsing the Fuel supply of said
tngine o ba sef aqual w0 3 predateomined value,
monitoring a test value indigative of the change of
output shaft speed with respect (0 time, and return-
ing to the non-whesl inck-up contral algorithm if

10
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B
said test valpe does not excesd o mpximum refer-
ence valug,

5. The control method of claim I wherein said input
signals additionally include (3) an input signal indicative
of a rotational speed of sadd englne, (43 an inpur sigual
indizative of the rotational specd of said transmission
inpul shaft, and () an input signal indicative of the
engaged and disengeged conditions of said coupling,
said method inoluding the further steps of

catsing sald engine to rotake at p spesd substantially

equal to the speed of said input shaft;

actisting the coupling;

determing if the clutch can be fully emgaged while

maintaining the engine speed equal to ihe ransmis-
sion input shaft speed but greater than the siall
speed of the engine:

returning to the non-wheel lock-up control algorithm

for sald automate mechanical iransmission, system
of majd coupling can not be Fully eogaged with said
sngine maintained a! input shall speed without
sialling same; and

if sgid coupling can be fully engaged with said enging

maintaited at inpul shaft retational speed with
stalling the engine, cavsing the fuel supply of id
enginge to be set squal to o predetermined value,
monitoring a test value indicative of the ciange of
cutput shaft spesd with respeet to time, and retwm-
ing ‘o the non-wheel lock-tip conteol algorithm if
taid test valua goes pot axcead a maxlmam rafer.
ches value,

6. The control method of claim 1 whergin said input
signals additionally include (3) an input signal indicative
of a ratational speed of said engine, (4) an input signal
indicative of the rotational spesd of said transmission
input shaft, and (6) an input signal indicatve of the
engaged an disengaged conditions of said conpling, said
method including the furcher steps of:

causing said engine to rotate at a speed substantially

equal to the speed of said inpul shaft;

actuaiing she coupling;

determing i the clutel can be filly sngaged whila

maintaining the engine speed cqual to the ransmis-
sion input shaft speed but greater than the stall
speed of the engine;

retbming to the non-whesl lock-up conrol algorithm

for taid autometic mechanical trensmission ystem
of said coupling can not be fully engaged with aaid
engine mainiained at imput shaft speed without
sialling same; and

if gaid coupling can be fully sngaged with wid engine

maintained 8t input ghaft rotational speed with
stalllng at the engine, causing the fusl supply of
taid engine to be sel equal to 8 predetermined
valne, monitoring a {est value indicative of the
change of output shaft speed with respect to time,
and returning to the non-wheel lock-up control
algorithm if said {24t value does nat exceed a maxi-
v réference value,

7. The control method of clairn 1 further character
ized by, if the gresence of a wheel lock-up condition s
sensed, profibiting said processing unil from generating
al] trensmission gear change commmand output signals.

2. The control method of claim 7 wherein said vehi-
cle is equipped with a vehicle brake anti-lock system
and said sensing of the presence af a wheel lock-up
vondition comprises regeiving an input signal indicative
of the presence of 4 wheel lock-up condition from seid
anti-lock system.
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9, The control method of claim 7, wherein sensing the
presence of o wheel lock-up condition comprises differ-
entisting with respect to time the valve of the cusrent
input signal indicative of the rotational speed of the
transmission output shaft i comparing said differenti-
ated value to 2 reference value corresponding generally
to the maximom transmission cutput shaft deceleration
possible if rolling friction 15 maintaincd st the vehicle
drive wheels. .

10, The control method of claim 9 comprising the
ndditicnal steps of:

saving the jnitlal value of the input signal indicetive of

gutput shaft speed at the tme that the presencs of
whes] lock-up condition Is sensed;
senging the current value of the input signal indicative
‘ of the rotational spead of tha output shaft;

said derermining if the presence of a wheel lock-np
condition hes terminated sdditionally comprising:

compuring the current value of the input signal tndic-

3

o

[&]

1

stive of output shaft zpeed to & predetermined per-

centage of the initiel vaing of said, input signal
indicative of the rotational speed of the output
shaft: and
returning 1o the noo-whesl lock condition control
algorithms if smid current input signal value ex-
ceeds sald percentaga of sald initial input sigmul
value,
11, ‘The control method of clelm 7 comprising the
additional steps ol
saving the iniliaf viloe of the input signal indicative of
autput shaft speed at the lime that the preseace of
wheel Jock-up condition is sensed;
senging the current vabie of the input fignal indicative
of the rotational speed of the output shaft;
said determining if the pressnce of a wheel lock-up
condition has terminpted edditionslly comprising:
cuomparing the current value of the input signal indie-
ative of output shaft speed to a predetermined per-
centage of the initial value of ssid, inpat signal
indlcative of the rotational speed of the ouiput
shuft; and
roturning 1o the non-wheel lock condition control
algorithms if said cureat nput signal value ex-
ceeds sald percentage of said imital lnput signal
value.
13, The pontrol method of claim 11 wherein the pre-
determined percentage s in the range of S0%-80%.
13. The control method of claim 1 comprising the
additional steps of:

-
ey

k3
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saving the initis! value of the input signal indieative of
output shaft speed at the time that the presence of
whee! lock-up condition is sensed;
sopsing the currest vatue of the input signa) indicative
of the motational spesd of the outpuat shaft;
seid determining If the presence of & wheel jock-np
condition has terminated additionally comprising:
compering the corrent value of the input signal indie-
ative of output shafl speed to a predetermined per-
centage of the initial valuz of seld, input signal
ipdicative of the rotational speed of the cutput
shaft; and
retarning to the non-whoel luck condition control
algorithms if said current input slgnat value ex-
ceeds sald percentage of said initiel input gigmal
value
14. "The control method of claim 13 whereln the pre-
determined percentage 14 in the mnge ol 50%6-80%.
1%. A control system for conrolfing & vebicular auto-
matic mechapical tranamission system utilized in con-
nection with a vehigle equipped with vehicle wheel
brakes for retarding the. rotation of at Jeast one of the
vehivla drive wheels, said actometic mechanical trans-
misgion system comprising & throttis-controiled engine,
8 change gear transmission having a plurality of pear
rafio combinations selectably cogagable berween a
transmizsion imput shaft and the iramamission ourpul
shaft, sald trapsmission outpur shaft drivingly coupled
to sald vehicle drive whesls, and a disengagable cou-
pling drivingly interpated said engine end £aid transmis-
sion input shaft, seid autennatic mechanical transmission
systnm edditionally comprising an information process.
ing unit having means for receiving & plorality of input
signals including (1) an input signal indicarive of the
rotational speed of said fraosmbssion output shaft, seid
sroecering umit including means for processing said
mput signals in sccordance with & program to provide 2
prederetmined gear ratio for a given combination of
mput signels and for penerating command output sg-
snals wherehy said wensmission system is operated in
accordance with snid programy, and means associnted
with said transmission system effective 1o actmate gaid
irangmistion system ta effect engagement of one of said
gear ratio combinations in responss to ssid outpue sig-
nials from seid processing unit, the system charecterized
hy:
means for sensing the presence of wheel look-up con-
dition, and, if and as long as the presence of a wheei
lock-up condition s scnscd, prohibiting said pro-
cessing wnit from generating all transmisgion geur

change cormmand owsput sigrals.
K & & & =
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CLOSED LOOP LAUNCH AND CREEF QONTROL
FOR AUTOMATIC CLITTCH WITH ROBLIST
ALGORITHM

TECHNICAL FIELD OF THE INVENTION

The technical field of this invention is that of anto-
matic ¢luteh comtrols, and more particularly closed
lovip amjomatic chiteh eontrols for reducing oscillatory
response to lnnch and ereep of & wotor vehicle,

BACKGROUND OF THE INVENTION

In recent yoar there has been » growlng interest in
increased sutomeation in the control of the drive train of
motor vehicles, and most especially in control of the
drive train of large trucks. The use of autametie trans-
missions in passenger automobiles and light trucks is
well knowmn The typical sutomatic transmission in such
» vehicle employs a fuid tarque converter and bydrag-
licelly actuated grars for seleeting the fingl drive ratio
between the tngine shaft and the drive wheels. This
gear selection i based upan engine speed, vehicle speed
and the Jike, It is well known that guch automatic trais-
missions reduce the effectiveness of the thinsnivsion of
power from the engite to the drive shaft, with the con-
sumnmate reduction in fuel aconomy and powet 85 com-
pared with the skilled operation of e manual tramsims-
sion. Such hydmaulic sutomstic transmizsions have not
achieved wide spread use in large motor tricks because
of the reduction in efficicrecy of the operation of the
vehicle.

Cne of the reasons for the loss of efficiency when
employing a hydraulic astomatle transmission is Joss
ocourring in the fluid 1orgque converter, A typical fluid
torque converter exhibits slippage and consequent Joss
of torgque snd power in all modes, It is known in the ari
to provide lockup torgque convertert that provide 2
direct link between the input shaft and the output shaft
of the trahemission. above censin engine speeds. This
fechnigue provides sdequate torque transfer officioncy
when engaged, however, this téchnique provides no
gain in efficiency at lower speads,

It bas been proposed to eliminale the ineficiencies
inherent in & hydraulic torgue converter by substitation
of an avtomaticatly actuated ftHotion clutch. This substi-
tution introduces znother problem not exhibited in the
use of the hydranlic torque converters, The mechanical
drive train of 2 motor vehicle typically exhibits consid-
erable torsionsl complianes in the driveline between the
transmiszion and the traction wheels of the-vehicle, This
toronal compliance may be found o the dive chaft
betweorn the transrafssion and the differential oF the axle
thaft between the differential and the driven wheels. It
is aften the cese that independent design criteria encour-
ages or requires this driveling o exhibil considerable
torsional compliance. The existence of substantial tor-
riconal compliance in the driveline of the motor vehiele
causas oscillatory response 1o clotch engsgement
These oscillatory responses can cante eonsiderable ad-
ditiona! wear to the drive train components ind other
partt of the vehicle. In addition, these oscillatory re-
sponsct can causs ohjectionable pastenger compart-
ment vibrations,

The oseillztory response of the driveline 1o clutch
engagement is dependent it large degree 1o the manner
in whick the input speed of the transmission, Le. the
speed of the eluteh, approaches the engine speed. A
smooth approach of thess speeds, such as viz s decaying
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axpupantial function, imparts no torque iransients on
clutch lockup. If thess speads approath abripily, then &
rorgue teansient i transmitied to the driveline resalting
in an oscillatory response in the vehicle Ariveline,

Thus it woukd be an advantage 1o provide autamatic
clutch actoation of a friction ciwich that reduces the
oscillatory response to glutch engagement. The prob-
bem of providing such automatic clutch actustion is
considerably increased in large trucks In particular,
iarge trooks exhibit a wide range of variability in re-
spomse betwesn tricks and within the eame truck. The
total weight of a particular large truck may vary over
an B to 1 range from uilosded 1o fully loaded. The
driveline compliance may vary over a range of about 2
to | amemg-diffetent trucks. Further, the chutch friction
characteristic mey vary within a dngle clutch as & fune-
ton of degres of cluich engagement and betwesn
clutches. It would be particularly advantageois to pro-
vide such an automatic clutch sctuation systern that
does not reqiiire exiensive adjustment. to a particylar
wmolor vehicle or the operating condition of the motor
vehicle,

EUMMARY OF THE INVENTION

This invention i an- amtomatic clatch controller used
inn 4 combination including a source of motive power, &
friction clutch, and 2t least one inertially-loaded trac-
tion whaeel connecled 1o the ftietion clutch that has &
totsional compliance exhibiling an gsoilialory response
1o ferque inputs, The avtomatic cluich controller ks
preferably psed with a trensmission shift controfler
‘Thiz gutomatic clutch comtroller provides smooth
clutch engagement dorng vehicle launchk, following
transmission shifts and during creep to minimize the
oscillstory response to chuteh engagement. Thiz svte-
matic clulch controller is useful in large trucks.

Tha suicmatic clutch controller receives inputs from
an engine specd sensor and & {ransmission ipput speed
tansor. ‘The trammission input speed sensor senges the
ratational specd at the impuf 1o the transmission, which
is the output of the friction clich. The automatic clutch
controfler develops a clutch engagement signal contral-
ling & clutch actuator beiwesn fylly disengaged and
fuily engaged. The cluich engagement signal engages
the friction clwich in & manner causing asymptotic ap-
proach of the transmission input spaed to & reference
speed, This minimizes the oscillatory response to torgue

inpts of the inertiatiy-Joaded traction wheel,

In the prefecred smbodiment the muonatic clutch
controller operates in two modes, In & launch mode,
correspording to normal stert of the vehicle, the eloteh
engagrment signal cavses the transmission input speed
10 asympiotically approach the engine speed. This seme
maode may optionally also be wsed for elotch re-engage-
ment ypon transmiesdon gear shifis. In a crecp mede,
corresponding to slow speed crecping of the vehicle,
the olutch engagement signal causes the trensmission
input specd to asymptotically approach a creep refer-
ence signal. This creep reference sighal i generated
based on the emount of throttle and the engine speed.
The iwo modes are selected based upon the (hrotrle
stiiing. The launch mode is selected for 2 throttle of
mare than 25% full theotie, atherwise the creep mode
is selected.

The sutotnatic cleich controller includes construe-.
tion to reduce the peed for detailed particularization for
individual vehicles or vehicle models. A transmission
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input spesd reference sigual iv sopplied to » prefilier.
This. teansmisglon input spesd reference signal corre-
sponds to the engine spesd when the launch mode is
selecied and the creep reference signal when the crecp
mode & seleoted. The prefilter serves 1o shape the sys-
tem transient response. An rlgcbruis summer forms Che
somtrolled etror by subtrscting the transmission imput
speed zignal (rom the prefiliered transmission input
aped reference signal. This ertor xignal iz supplicd 1o 2
compensator having sufficient gain #5 » function of
frequency to reduce the system closed loop sengitivity
to vehicle parameter vanistions The compeitatos pro-
duces u cluteh engagement signal for controliing clutch
engagement in & manner o minimize the oacillatory
respone to clitch engagement,

The automatie clutoh controller is preferably imple-
mented in discrete differcnce equations executed by a
digital microcontroller. The microcontroller {mple-
ments & compensetor hiving a transfer function xppros-
imately the inverse of the trensfer function of the iner-
tially-Josded traction wheel, Thiy compensator transfer
function includes & notch filter covering the region of
expected otcillatory response of the driveling. The fre-
quency band of this notch Rlter must be sfficiently
brosd o cover & range of frequenciss becanse the oacil-
Iatory response frequency may change with changes in
vehicle loading and driveline charscteristivs, The ¢om-
penektor aleo preferably provides an elevaled response
in range of frequencics where the driveline response s a
minimum $o increase the loop gain and reduce sensitiv-
ity to variations in vehicle characteristics.

The =lutch actuation controller preferably stares seis
of coeflicients for the discrate difference equations cor-
responding 1o each goer ratip of the transmission. The
clutch sctuation controller recalls the set of coefficients
corrapotding to the selected gear ratio. These recalled
et of cosfficlents are emploved in otherwise identical
discrete difference equations for cluteh control.

The controller preferably inclodes an integral error
function for insuring foll cluteh engagement within »
predelermined interval of time sfter juitisl partial en-
gagement when in the Isunch mode. Any long term
difference between the tansmission input sperd refer-
ence xigna! and the transmission input speed eventually
drives the clutch 1o ful) engagement. The controlter
preferably also includes a sccond intogrsl function to
ensure cluteh lockup even il the engite speed in inctéas-
mg.

The integral function and the second integral func-
tion, are preferably disabled when the rate of engine
speed increase felis below 2 predetormined threshold.
This level could be zero, dissbling the first and second
Integral functions when the engine speed decressss. A
threshold detector determings when to disable the inte.
grators based on the differential sgnal Respective
swiiches connecied ter the thesthold detestor emables
and disables integration, This permin delay of the ad-
vance of the clutch when the rate of engine speed in-
crense falls below ihe threshold. This wdll gencratly
occur only when scoslersting vader heavy Joad. In this
cass the clutch will centinee to slip alowing the load to
slowly accelerate until the torgue demand is reduced to
the svailable engine torque. Then the integrators will
again b enabled and cluteh advance will resume.

The anicmatic cluich controller may further include
a differentiator conpected to the engine speed sensor,
The engine speed differential signal corresponding to
the rate of change of the engine speed signal is added to
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the signal supplied 1o the clutch actuator. This differen-
tinl signal cieuset rapid advance of clutch sctuation
when the engine speed is accelerating. Rapid advance
of the clutch in this crw prevents the engine kpeed from
running away. An integrator connected to the differen-
tintor saves the clutch actuation level needed to restrain
the engine wpoed onice the engine speed it ne longer
accrlerating. .

BRIEF DESCRIFTION OF THE DRAWINGS

These and other objects and aspects of the present
invention will be descrited below in conjanction with
the drawings in which;

FIG. 1 Nuziraies & schematic view of the vehicle
drive trein including the chitch actustion controller of
the present invention;

FIG. 2 fllostrates the typicsl relationship between
clatch engagement and cluteh torque;

FIG. 3 iHustrates the ideat response of enging apeed
and teansmission input spead over time for launch of the
moator vehicle

FIG. 4 illostrates the ideal response of engine speed
and tnsmisdon itput spesd over time for crecping of
the motor vehicle; and

FIG. § illustraiss & prefermed pmbodiment of the
clutch actuption contraller of (he present invention.

DETAILED DESCRIFTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 Mustrates in schematic form the drive (rain of
a motor vehicle including the sutomatic ehnch control-
ler of the present invention. The motor vehicle includes
engine 10 as 4 soree of mofive power. For 3 large truck
of the type to which the present invention 1s most appli-
cable, engine 10 would he 4 diese] internal eombustion
engine. Throtte 11, which is typically a foot operated
pedal, contrels aperation of engine IG vis totle filter
12. Throttie filter 12 filters the throtile signal supplied
to engine 10 by supplying a ramped throttle signal upon
receipt of a step throtile incresse vin throttle 11, Engine
18 produces torgue on engine thafl 15, Engine speed
scnsar 13 detects the rotationa] velocity of engine shaft
15, The actual site of rotational velocity delection by
engine speed sensor may B¢ at the engine flywheel.
Engint speed sensor 13 is prefrrably » multitooth wheel
whose toath rowtion i detected by » mxgnetic sensor,

Friction cluteh 30 includes fixed plate 21 and moav-
able plate 23 thist acn capable of Rl or partis! engage-
ment, Fined plate 21 may be embetied by the engine
flywheel. Friction elutch 20 couples torque from engine
shaft 15 to input shafl 28 corresponding to the degree of
engagement between fixed plate 11 and movable plate
13, MNots that while FI1Gi. 1 illusirates only & single pair
of fixed and movable piates, those skilled in the an
would realize that clutch 20 could include multiple
puirs of such plates.

A typical torque verses clutch position funclion i
iliustrated in FIG. 2. Cluich torgue/position curve 80 ix
initially z2ro for a range of cogagements before initial
touch point 81, Clutch torque rises monatonically with
increasing chuich engagement. In the example illus-
trated in F1G. 2, clutch torque rises slowly al first and
then mare steeply until the ranaimvm clutch torque i
teached wpon full engagement at point B2, The typical
clutch design calls for the maximum clutch torqbe upon
full engagement 1o be abowt 15 times the maximum
engine wigue, This ensures that clutch 20 can transfer
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the maximum torque produced by engine 10 without
slipping.

Clutch actiater 27 is coapled 1o movable plate 23 for
contrel of cluich 20 from dissngagement through par-
tial engagement to full engagement. Clutch aetuator 27
muy be an ¢lectrical, hydranlic or pnetmatic actiagor
and may be position or pressure controlfed, Clutch
actuntor 27 controls the degree of clutch engagement
accinding to & ohitch engrgement sigil from elutch
actuation comirolier 6.

Transmitdon input spesd persor 31 senses the rota-
tiona! welocity of input shaft 25, which i the input to
transmission 3. Tranemission 30 provides selectable
drive ratios 1o drive shafl 35 under the control of trans-
rtgsion shift controller 33, Drive shaRl 38 is coupled to
differential 40, Transmission ouwtpui speed sensor 37
senses the rotations! velocity of drive shaft 35, Trans-
nissian. input speed sensor 31 and (ransmission ouipul
speed seminr 37 are preferably construcied in the same
manner us enpine spaed sensor 13, In the prefarred em-
bodiment of the present tnveation, in which the motor
vehlele i o large track, differentinl 40 drives four axle
shafts 41 to 44 that are in tim couplsd to respestive
wheals 51 to 34,

‘Tranzmission shift controller 33 rocejves input signals
from throile 11, engine spesd sensoy 13, transmission
inpot spesd gensor 31 and transmission output speed
sensor 37, Transmission shift controller 33 generates
gear select signals for control of trensmission 30 and
clutch eogage/disengage signals coupled to clutch actu-
stion comroller 60, Transmiscion shift controller 33
preferably changes the final gear ratio provided by
trememission 30 corresponding o the throttle seiting,
engine spesd, transmission input speed and transmifsion
guiput speect. Trapwmission shift controlier 33 provides
respective engage and disenpage sipnats 1o clutch actuns-
tion controller 60 depanding on whether friction clutch
20 thould be engaged or disengaged. Transmission shift
cortroller alsn transmits & gear slgnal 1o clutch acrus-
tion contratlar 6. This gear signal permits recall of the
set of eoéfficients corresponding ta the selected gear,
Mote trananitsion shift conroller 33 forms no part of
the present invention and will not be further described.

. Clutch actuation controtler 60 provides a clutch -
gagement signal to clteh actoator 27 for controlling
the position of moveble plate 3. This eontrols the
amount of torgue iransferred by clutch 70 according to
chatch torgue/position curve 80 of FICE 2. Cluteh acto-
siion controller 60 operates under the contral of trans-
mission ghilt controller 33 Chrtch actuation controller
# controls the movement of moving plate 23 from
disengagement to at feast partial engagemeant or full
engagement upon receipt of the engape Hgnal from
transmission shift controller 33. In the preferred em-
hodiment i s contemplutad that the clutch engagement
signal will indicate a desired clutch position. Clutch
actustor 27 preferably includes 8 elosed joop control
system controlling movable plate 23 to this desired
position. 1t i5 alsa feasible for the clutch cngagement
signal 1o represent 1 desired cluteh pressure with chaich
actuatnr 27 providing elosed loop control to this desiresd
pressure, Depending on the particular vehicle, it may be
feasible for clutch actuator 27 1o operate in an open loop
fashion. The exarci deteils of clutch actvator 27 are not
crucial 1o this ipvention and will not be further dis-
cured.

Clutch actustion contraller &) preferably geterates 2
predetesinined open loop clutch discngagement signal
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for a ramped out disengagement of cluich 20 upon re-
ceipt of the disengage signal from lransmission shdft
controller 33, No adverse oscillatory responses are an-
tcipated for this predetermined open loop dissogage-
ment of cluich 20,

FIGS. 3 and 4 flastrate the two cases of sterting the
vchicle from a full stop. FIGS. 3 und 4 lustrets the
engine speed and the transmission input specd during
ideal eluteh sogagement. FIO. 3 Dustrates the cass of
launch. FIG. 4 Hlustrates the case of creep.

FIG. 3 {Flustrares the guse of launch, thal is stering
ont from a stop I order fo procesd ai & ressonable
gpeed. Initially, the engine spead 90 ip a2 Idle. Thercafter
engine speed 90 monotonically increases withia the tme
frome of FIQ. 3. Bngine speed $0 either inpreases or
remains the same ldeally engine wpeed 90 mcresses
until the torque produced by engine 10 matches the
torque requirad 10 accelersts the vehicle. At high load
this engine speed may be in the mid mnge betweoen the
idbe spead and the waximum engine speed. Thix con-
siant engine speed corresponds (0 the cogine forgue
required to match cluich torque and driveline torgue
and achieve a balance betwesn engine output torgue
and the vehicle load tomue. Thiy forque level is the
jdeal eluweh torque beoaost s Higher clitch torgue
wotld stall engine 10 and a lower cluteh torgoe wonld
allow the engina speed (0 Increass 100 much, Ultimataly
the vehicle would accalerste to a spead where clutch 20
can be fully engaged. Thereafter the balince betwean
engine torque and load torgue is under the control of
the driver via the throttis setting and clutch achuation
eanteoller 6 would continue to command full clutch
cngagement,

When the vahicls is stopped and clotch 20 flly disen-
gaged, transmission input speed 100 i indtially zero.
This is the case for saarting the vehicle, However, as
furtber explained below, this same technique can be
vsad for smooth. clutch engagement upon shiffing gears
while moving. Thus the transmission inpul speed may
initinlly be & value corresponding to the vehicle specd.
Upon partial engagement of clutch 20, transmission
inpul speed 100 lnereases and approaches engine speed
B0 psymptoticelly. At a point 101, (ransmisson input
speed 100 i sufficiently close to engine speed W 10
achieve full enpagement of cluich 20 without exciting
the tarsional compliance of fhe driveline of the vehicle.
At this point clutch 20 is folly engaged. Thereafier
transmissian input spesd 100 tracks engine speed 90
wmtl clutch 20 ix disengaged when the next higher finat
gear ratio s sslected by tramsmission controller 33. The
systern preferably also operates for the case m whick
the vehicle is not stopped and the fnitial transmission
input speed is nonzcro.

FIG. 4 illustraes the sngine speed and transmission
input speed for the case of cresp. In the cresp mode,
cluich 20 most be deliberately sHpped in order to match
the avaflable engine torgue at an engine spesd gbove
idle and the required tovgue. FIG, # illustrates engine
speed 95 rdsing from 1dle 1o a platean level, In a similar
fashion (nput speed 185 risss from zero to & predeter-
minad level. This predetermined level is lass than the
engine idle speed tn this exsmple. The creep mode is
required when the destred vehicle speed implies s trans-
mission input speed less than idle for the lowest gear
retio. The creep mode mey elao be requited when the
desired vehicle spead implies a transmission input speed
above engine idle and engine 10 cannot produce the
required torque at this eagine speed, Note that there is
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a speed difference 107 between the engine gpesd 95 and
the input speed 105 under quiescent conditions. This
difference 107 represents the slip spocd required for this

Lreep operation.

FIG. 8 iflustrates schematically the control function
of chitch setuatlon controller 80, As siso illustrated in
FIG. 1, clotch actustion controller 60 rmecives the
throttle signal from throttle 11, the enging speed signel
from engine speed sensor 13 and the transmission mpot
specd signal from trnsmission input spesd semsor 31
Clutch actuntion controfler & lustrated in FIG. §
generates a clutch engagement vignal that is supplied ©
chich sctomtor 27 for operation of the frietion clutch
20. Although not shown in B1G. &, the degres of clutch
actuation, together with the throttle setting, the engine
speed and the vehicle charscteristics determine the
transmission input spead that is sensed by transmission
input speed sensor 31 and supplied to cluich sctaation
controller &0, Thersfore, theo control schematic ithis-
tratesd in FIG. § is a cloged loap rystem.

The control function illustrated in FIQ. 5 iv preded
only for cluteh positions batween touch point 81 and
full engagement. Clutch engegement less than that cor-
responding to touch polnt B1 provide no posshility of
torgue transfer because clutch 20 is fully disengaged.
Chitch actustion controller 80 preferably includes some
manner of detection of the clutch position cotrespond-
ing to touch point B1. Tachniques for this determination
are known in the art, As an exsmple only, the cluteh
position at touch point &k can be determined by placing
transmission 30 in seuirsl and sdvancing clutch 20
taward engagement until transmission inpul speed sen-
sot 3 first detects ratation. Upon receipt of the engage
signal from transmission shift controller 33, clutch sety-
atiot conirolier 60 preferably rapidly advances chuich
2 to a point corresponding to touch point 81 This seta
the zero of the clutch engapement control at touch
point §1. Thereafter the cluich engagement s con-
irolled by the control fimetion dlustrated in FIG. 5.

Clutch actustion controlicr 60 is preferably realized
via & microcontraller citeuit. Inputs carresponding to
the engine speed, the transmision input speed and the
throttle sétting must be in dightal form. These input
signale are preforably sampled at a rate consistent with
the rate- of operation of the microconiroller and fast
coough to provide the desired control. As previously
described, the engine speed, transmission input speed
and transmission output speed are prefershly detected
via myltitooth wheels whose testh rotation is detected
by magnetie sensors. The pulse trains detected by the
magnefic sensors are counted during predeterminsd
intervals, The respectve counts are directly propor-
tional to the measured speed. For proper control the
Ggn of the trapsmission input speed signal must be nega-
tive if the vehigle is moving backwerds. Some manoes
of detecting the direction of rotation of input shaft 28 is
needed. Such diraction sensing is conventional xnd will
not be further daseribed, The throttic setting is prefera-
bly detected vie an anilog sensor such &5 ¢ potentiome.
ter, This apalog throtte signal is digitized vie an analog-
to-digiwl converter for use by the microcontraller. The
microcontroller executes the processss fllustrated in
FIGS, § by discrete difference cquations in a mannet
knawn in the art, The contro} processes ustrated in
FIG. 5 should therefore be regarded as an indication of
how to program the microcontroller embodying the
invention rather than discrete hardware, Tt i feasibic
for the same microcontreller, if of safficient capaeity
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and properly programmed, 1o st as both cluich actus-
titm controtler 60 and a5 tunemission chift controlier 33.
1t iz believed that an Intel 30C196 microconiroller has
sufficirnt computation capacily to serve in this manner,

The tivottle sigrul received from throttie 11 i sup-
plied 10 launch/creep seloctor 61 and ta creep spend
refersnce 62, Launch/cresp sciector §1 dotermines
from the throttls dpnal whether to operate in the bnch
raodde or to operate in the creep mode. In the preferred
embodiment of the pressnt invendon, launch/creep
selactor 61 gelects the Inunch mode if the throttle signal
indicates greater than 2595 of the full throtrle setiing, In
other cases launch/crecp selector 61 selests the croep
modes

Creep speed reference 62 receives the throtth signal
and the engine speed sigoal and generales & oreep spesd
refirence signal. This crecp specd reference signal is
determined as follows:

T )

where: Ropis the creep speed tefcrence signal; Eg i the
mengured chgine speed; T is the throttle signal; and Tryr
is ® throttle reference constant equal to the throtde
aignal for 25% full throttie. The creep speed reference
signa] i the product of the engine speed signal and the
ratio of the actnal throtde to 2595 full throttle. Mo creep
speed reference signal is tequired for throtte acitings
abave 25% of full throttle bocavse the launch mode i
applicatle rathet {han the creep mode, Note that this
¢reep spead reference cignal makes the speed reference
signal continuons even when switching between the
Isunch mode and the ereep mode, Thus no instabilities
are induced if changes in the throttle seiting causes
switehing between the two modes.

Mode sclect switeh 63 determines the mode of opara-
tion of clutch sctumion controller 60, Mode seleet
switch 63 raceives the muode selection determination
made by lsunch/crecp selector ). Mode select switch
&3 sclects gither the cngine specd signal or the ereep
gpeed reference signal depending upon the mode deter-
mined by launch/crecp sclector 61, In the event that the
Tauneh mode is selected mode select switch 63 selocts
the cpgine speed for control. Thus in (he Jaunch mode
the cluich engagement is controlied so that the irans-
mistion input speed matehes the engine speed. In the
cvent that the creep mode is telected mode select
switch 63 sslects the croep speed reference signal for
control. In ereep mode the ¢lutch engagement is can-
trolled to match ransraission input apeed to the creep
spoed reference signal, This is equivalent to controlling
clutch engagement 1o match the actus cluteh slip to
desired slip apeed. In cither mode, the speed reforence
sipnal is a transmisslon input specd reference.

As noted above, mode select switeh 65 selects x speed
teference tignal for control, Cluteh aclustion cantralier
50 includes an ititegral function, The transmission input
speed from transmission input speed semior 3 is sub-
trected from the speed reference signal sciected by
mode select switoh 63 in algebrsic sinmer 64, Ignoring
for the moment threshold delector 75, snd switches 76
and 77, integrmtor 65 integrates this differsnce signal,
which is the error bBetween the desired. trangmission
inprut spead from mode select switch 63 and the mes-
sured transmission inpwt spred. The integrated differ-
ence signal is supplied to elgebraic summer 67 and 10 &
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second integrator 6, Inlegrator 66 integretes the inle-
gra! of the error, thus forming & sccond integral of this
error. Adgebraic summer 67 sums the speed reference
signal from mode select switch 63, the integrated ervor
from integrator 65 and the s=cond integral of the error
from integrator S8

Algebraic summer 67 supplics the input to prefilter
63, Prefilter 68 is employed to shape the closed Joop
tranment rasponse of actomatic clutch controller 60,

L
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66 can be sdjwsted by corresponding integration coelB-
clents kp and ks, The existencs of any long term differ-
ence betwesn the speed refersnce sigual selected by
mode seiect switch 63 and the transmission piet spesd
generates an increasing megral signal. Any snch inte-
gral signal sarves 1o drive the clntch engagement signal
toward full clotch engagement. This cosuret that clutch
20 5 fully engaged at point 101 a1 some predetermined
maximum time following start up of the vehicke when in

This ¢haping of the transient respopse has the goal of 10 the launch mode. In the creep mode, integrators €5 and

schieving axymptotic spproach of the inpat speed to the
reference speed. The character of prefilter 68 and its
manner of determination will be further described be-
Tow.

The prefiltered sgnal from prefitter 68 is supplied 1o
algebraic summer 69, Algebraic summer 68 alio re-
coives the measured transmission input speed signal
from transmission nput spead sensor 31, Algebraic
summer &% forms the differsnce batwaen the prefitered
ggnal from prefiier 68 and the tranemission input
vpced. This difference is supplied to compensatar 70,
Compenestor 7 includes en approxdmate inverss model
of the torsional oscillztory fesponse of the vehicle to
torgoe inputs. Compensator 0 includes a galn versus
frequency function galacted 10 reduce variations in the
closed loop response of cluch sctuatdon controller 60
duc io variations in the transfer function of the vehicte
driveline. Dietermination of the transfer fonction of
compensator 70 will be further descobed below,

A Teedforward signal i provided in the clotch oo-
EREcment signal vis an emgine speed differentinl signal.
The =ngine speed sigosl is suitably filtered via low pass
filtar 41 1o reduce noise in the differential sipmal, DifTer-
entiator 73 forms a differential sigoal pm:porlional to the
rate of change in the eéngine specd. This engine spesd
differential signal and its integral formed by integtator
T4 are supplied to agebraic summer 71, Algebraic sum-
mer 71 giams the output of compentator 70, the sngine
speed differential signel from differesttator 73 and 1he
integral signal from integrator 74 to form the clutch
engagement siznal, Clutch sctuator 27 employs this
clutel engaperent signzl o control. the degree of
clutch engagement.

The feedforward signal permmits better response of
chrich sctaation controller 60 when the engine speed is
accelerating, Under conditions of engine speed acceler-
ation the fesdforward signal ceuses rapid engagement of
clutch 20 proportional to the rate of angine accelera-
tion. The engine speed can increase rapidly under fult
throttle conditions before the driveline torque is estab-
Yished, This s beoanke the speed of response of clutch
actuation controlier 60 withont this feedforward re-
eponee it low compared with the peak enging speed of
respotise. With this feedforward responss rapid engine
scoeleration resulis it more rapid than otherwise clutch
engagemnent. The additional ¢futch engagament tends to
restraln increase in engine speed by requiring additional
torgue from the engme, When the engine speed reaches
n constant value, the differential term deceys to zero
and intcgrator 74 retains the elotch engagement needed
to restrain cngine speed. Cther portions of the contral
funietion then serve to provide asymptotic convergence
of 1he transtnission inpot speed 10 the reference speed,

Provision of the integral and double integral signals
in the input to prefilier 68 serves to ensure clotch
locknp when gperating in the launch mode. The second
integral enmures clutch jockup even if the engine speed
in increasing. The integration rates of integeators 55 and
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&6 ensure that there s no Jong term srror between the
crecp speed reference dgnal and the transmisgon inpud
!

The integral function and the second integral fone-
fion are preferably disabled when tht rute of engine
speed Increase falls below o predetermined throshold.
This level eould be zero, disabling the first and second
integral functions when the emgine speed decreases.
Threshold detector 75 detertnines when Lo divable inte-
grators 65 and 66 hased on the differential sigoal, The
rate of engine spoed increase would typically fall below
the threshold upen too rapid clutch engagement for the
current engine speed and vehicle torgue demand.
Switches 75 and 77 are normally closed, enabling inte-
grators 65 and 64, I the rate of change of engine speed
formed by differentistor 73 is below the threshold of
threshald detector 75, then threshold detector 75 trips.
‘This opens switches 76 apd 77, and disables further
integration fn integrators €5 and 64, The additional
clutch advanesment cansed by integrators 65 and 66
veases, In this case the sluteh would hold for a time Bt
g stepdy position. This pertoits & torque balance be-
tween the engine outpat torgue and the vehicle load
torque, This torque balsnce tends to keep engine 1 afa
copsiant spredl. This generally oceurs under high vehi-
cle load conditions when the vehicle takes longer 1o
acuelerate, The engine torqyue transmitted via cliteh 20
1o the velicle logd tends to accelerste the vehicle,
Clufch lockup is delayed dutdng fhe laterval when inte-
grators 65 and 66 are disabled. Clutch lockop may still
octur under these conditions if the vehicle accelerates
to a high amough speed so that the trangmission inport-
speed reaches the enping speed, When the vehicle load
permits the rate of chunge of engine 5 to again
excesd the threshold, then integrators 65 and 66 are
re-enabléd, This permits integrators 65 and 66 1o drive
the clulech enpugoment signal to clotch lockop, Note
that during the intervsl when intogrators 85 and 6§ ace
dissbled and clutch locknp it delayed, the interval to
clutch tockup cah be shoriensd by incretsing the throt-
te, This provides additlonsl sngine torque, permitting
an engine speed increase and re-enabling the integra.
tors.

This switching of integrators 68 and 66 provides
adaptive ciutch engapement Cloich engegemem is
rapid under conditions of engine acoeleration, which
generally ocours only during light vehicle loads, Under
conditions of high vehicle loads, full cluich engagement
is delayed to prevent engine stelling. ‘Thus this tech-
pique complements the feedforward technigue that
cawses rapid ¢loteh engagement when the engine is
accelerating.

Prefilter 68 and compensator 70 perform differing
and complementary functions in clutch sctuation con-
woller 60. The transfer functiony of prefilier 68 and
compensater 70 dee determined s follows. The transfer
function of gompensator 70 is selected to reduce ensi-
tivities of the closed loop wansfer function o driveline
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parameter varistions, This is achieved by providing
sufticlent loop gain as & function of frequency. IF ihe
sensitivity of the ¢leed Joop transfer function H{w)
with respest 1o the transfer function of the driveline
G} is SexeT, then

U = Ty ®

where Ciw) is the transfer function of compensator T
Intpectiom of this relationship reveals thet the sengitiv-
ity Sguy™™) can be reduced arbitratily to zero by in-
creasing the compenteior gain. Thers are practical lim-
its 1o the maximum compensator grin bicause of ktabil-
ity and noise problems. Thus the transfer function. Clw)
of compensator 10 iy selepted high enough st all fre-
quenciss w lo Hmit the variations in the closed loop
transfer function to an ancepisble level set ay » design

Compentator 70 includes an spproximete inverse
maodel of the torsional oscillatory resposse, In the typi-
ckl hexvy truck to which this invemtion it applicable,
the torsiona) complitnee of the diiveline causes the
driveline transfer fenction {0 have n pair of lghtly
dumped potes that thay range from 2 to 3 Hz The exact
valoe depends upon the vehicle parameter values, The
inverse respome of compensator 70 provides a noteh
filter in the regicn of these poles. The (requency band of
the motch i sufficiently Broad 1o cover the runge of
expecied vehicle froguency roaponses, This frequency
bund is preferably achieved employing two pairs of
zeron whose frequencies are spread over the frogoency
range of the vehicle response. Thus compensator 70
provides plural comples #eros in the fraquency range of
Lhese poles of the vehicle retponse to attenuste the
oscillstory response. The typical heavy iruck alse in-
ciudes & pair of complex zoros in the frequency range
from § ta 2 Hz, Thase complex zeros tend to reduce the
system loop gain arid hence cause the system to be more
scnkitive to variations in vehicle characteristics in this
{requency range. Compensatar 70 preferably provides s
prir of complex poles in this frequency Tange to increase
the loop gain and reduce seniitivity fo varistions in
wvehicle characteristics, Thue the toial response of the
closed loop sysiem has highly dsmped cgen values
providing a Iess oscillatory system.

Prefilter 68 i employad to reliably schicve a dasired
closed Yoop transient respomse. The transfer function
H{w) of the closed loop system without prefilter 68 is:

a0 = S S

where Clw) 15 the transfer function of compensator 70
and Gfw) is the transfer function of the driveline. The
above noted design for compensstor 70 takes info s
cousrt only reduction in scnsitivity to variations in the
driveline response Giz). Thic typically results in a
tlosed loop response Hiw) having zn inappropriate time
response. ‘The design gaal it to sctuate clutch 30 o
achipve sasymptotic convergence of ihe trunemission
input speed 1o engine speed, The transfer functian H{m)
with prefilier 68 is:

Hiw)} = Mﬂ-g—‘—“ :’_ ) :JJ
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where F(w) i the transfer function of prefilter &% Pre-
filtar &8 i% & Jow pass {ilter with the pase band retated to
the design rate of asymapiotic convergence.

Tha shove outlined determination of the response
charscter of prefilter 68 and compenssior T cotre-
sponds 1o the quantitative feedback theory of Horowitz,
‘This theory i exemplified in "Quantative Feedback
Theary” by I M. Horawity, [EE Proceedings, Val.
129; FI.d, no. & November 1382, This selection of the
reaponse of prefilter 68 and compensator 70 reselte in
gystem that s robust, thet is, capable of properly re-
sponding to widsly varying vehicle conditions.

As o0ted above, the elements of FIG. § are preferably
implemented vin discrete difference equations in 4 mi-
erocontroller. In the preforred cmbodiment the +th
vatue of the output Prof prefilter 68 s given by:

Pkl bl knFio+ ka2 )
where; I35 the current value of the prefilter input: I;_q
is the immzedistely preceding valoe of the prefilter input;
P,_yis the immediately preceding value of the prefiiter
outpit; P,z is the next preceding velue of the prefilter
output; znd where the kg are coefficients with
kg =00001%, Lm=000015 kmp=189677, und
| ] -0, 9860.

The discrete difference pquation of compedsator 10 is
preferably implemented tn thres stages. This enabies the
compensator coclficients to have suificiently fewer
significant figores for a 16 bit integer digital implemen-
wtion of this process, The i-th value of the first interme-
digte variable F1;is given by:

Flymbeplit kenCro ) oG 1+ konF1 -1 1 ke

Fli_3 (8}
where: Cyis the current value of the compensator nput;
G;..; is the immedinte]y preceding value of the compen-
stor input; Ci-z ie the nexl precsding value of the
compensator input; 1, is the immedistely preceding
value of ithe first intermadiate variable: Fi_ 9 is the next
preceding value of the first intermediate variable; and
where the ko, are cocfficients with ke =0667,
keg=—116, k=0.3531, kesw | 482, arl
keame —0,3435. Note that the successive compantator
input values C;are computed from successive differ-
ences between the prefilter output and the transmission
ioput speed. The -tk value of the second intermedinte
veriable F; is given by:

FLyjs kBl ok keaFli + ka4 oy

F_+kewfi- m
where: Fi/is the current vatue of the first intermediate
varlable; F1y—; is the immediately preceding value of
the first intormediate vasiuble;, Fly.z is the next preced-
ing value of the firgt intermediate variable; F2;_; is the
immediately preceding value of the second intermedinte
wariable; F2y.. 7 is the next preceding valae of the second
intermnedikte varinble; and where the key are coeflici-
ents with keg=02098 koym =039, key=0.189,
keyi=1.B432, and keg=—0.851E. Lastly, the i-th valne
of the compensator output O; is:

ko) F2e+ kopeFLi 1+ Rer sy o ®

where: F1;is the current value of the second intermedi-
ate variable; F2i..1 is the immediately preceding velue
of the second intermedinte variable; O, i the itimedi-
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ately preesding velee of the compemmtor outpul; and
whern the kg, are cosffcients with keppm0235,
ko —0.245, and ke w0995,

The present invention can be advantageously em-
played for clutch re-engagement following shifts of the
transmission. In. this event the same contxo] processes
jHustrated in FIG, 5 would be employed, including, the
abave listed discrete diffarence equations for prefilter
&8 and competsator T8, ‘The control procewses for trans-
mizgen shifts would differ from the preseding descrip-
tion in selestion of the cocfficients km 1o kpand key 1o
keny. A particular set of these coclficients ky would be
recalled from cocfficient memory 75 depending upon
the gesr signal from tramsmission shift controller 33.
The selected set of cocfficients may abso include corffi-
cients of integration for integrators 65, &6 and 4, wnd
coefficients for Alier 69 and differentistor 70, Lo other
yespects the invention would opocate the same wg de-
wribed above,

The comtmol processes of the present invention arc
obust with regerd to.variations in vehicle response. ILis
bellevad that the antorpatic cluich controller herein
described is capable of handling changes in vechicle
londing within a single vehicle and varistions in re-
sponse betweon differing combinations of engine, cluteh
and driveline oscillatory response between different
vehicles, Thus the mutomatic cluteh controlier ef this
invention need nal be particularized for a particnlar
vehiele, Thus the invention automatic cluich controlier
is. ewsier to manufacigre For a variety of vehicles.

I claim:

1. In & combination including & sowrce of molive
power, u friction clutch having an input shaft connecled
to the spuree of motive power and an autpi shaft, and
al Jeast one inertially-Joaded truction wheel connected
£ the output shaft of the friction clutch having a tor-
siona} cenupliance exhibiting an oscillatory respomse Lo
torque inputs; an sutomatic clatch contzaller compris-

an engine speed sensor connected to the sourée of
motive power for generating an enging speed signal
corresponding to the rotatiopal speed of the seurce
of menive power;

1 reference speed geneeator connected to said eoging
speed scnsor for generaling a reference specd sig-
sl

2 {ransmission input speed seasor connected to the
ouiput shaft of the friction clutch for gencrating 2
transmission input speed signal eorresponding to
the rotational gpesd of the cutpan shaft of the fric-
tion clutch:

s ¢luich actustor connected 1o the friction elutch for
controlling cogsgement of (he friction clutch from
disengaged to fully engaged according to a elutch
gngagemen? signal; and

a controller connecied to said reference speed gener-
ator, said transmission input speed sensor and seid
clutch setpator including
a prefilter connectad to sxid refcrence epeed gener-

stor for gemerating e flltered veference speed
sigmal,

2 first alpebreic summer conmected 1o said trans-
mission input speed sensor and said prefiiier gea-
eruting a first algehraic sum signel comesponding
to the differance between {1} said fitered refer-
ence speed signal and (2) said transmission jnpul
spe=d signal, and
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1 compenuator connected 1o satd first algcbraic
simmer for gensctating said cluteh engageraent
signal for supply o said chuteh actustor for en.
gaging the friction clutoh in & manner causing
said tranemission inpit speed sigoal to asymptoti-
cally appronch wmid reference speed wignal,

2. The sutometic cluteh controller as claimed in claim
1, whersin:
padd controller wherein

snid compenaatar hs & transfer Function having &
notch filter with a frequency bend in the range of
the expested feequency of the oscillatory Te-
sponse to torgue inpons of the at Jeast one iner
tialtydoaded traction wheel, ssid compensator
thereby reducing the oscillatory response 10
torque inputs of the at heast one inertially-loaded
traction wheel.

3, The sutamatle clutch controller as claimed in claim
1, whersin
said controller wherein

said compensator has a transfer function having a

. region of increassd gain in the frequency range
where the expected response wo targue inputs of
the at least one ipertially-loaded traction wheel is
a minimum, 5aid compensator thereby incressing
loop gain and maintaining reduced sensitivity of
said sontrolier to variations in the response 10
torque inputs of the at lest one mertially-loaded
traction wheel,

4. The automatic cluteh controller as claimed in claim
1, whetein:
waid controller wherein

said prefilter is & low pass filter having a cutofT
frequency sclected to provide a desired trantient
response of the transmission input speed signal to
g step function in euid reference speed signal,

8. The automatic chutch controfler as claimad in claim
3, wherein
said controller further includes

s second algebraic summer connected to taid eefer-
ence sperd generator and sald transmistion inpat
tpeed sensar for forming a second algebraic sum
signal comresponding to the difference betwecn
(1) said referenuve spead signal and (2) said trans-
mission inpul speed signal,

a first integrator conneeied 10 said sccond algebrate
summer for forming = first integral signal comme-
gponding to the tme integral of said sccond alge-
brale sum signal, and

a third algebraic sumter connscted 1o said refer
crice gpeed pencrator and said first integrator for
forming a third algebraic sum signal correspond-
ing 10 the sum of (1) said reference speed signel
and () £aid first integrad signal, said third alge-
braip sum signal supplied fo sald prefilier
wherehy said prefitter s connected to said 1ofer-
ence speed generator via said third al gabraic
BLIMINCT,

£ The automatic clutch controtier as claimed in claim
&, whersin:
gaid controller further includes

8 second integratar connected 1o said first integra-
tor for forming a setond integral signel carre-
sponding 1o the tme intepral of said first integral
signal, and

waid third algebraic sommer s further cannected to
sald second imeprator for forming said third
algsbraic sum signal corresponding to 1he sum of

Pg ID 226
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{15 smid reference speed signsl, {2) said firkt inte-
gra) wignal and (3} vaid second integral signal. -
7. The sutomatic elurch eontroller as claimed ie claim
1, wherein:
mid controller further includes
s difierentiator comnected to sid engine speed
semsor for genecating 8 differential signal corre-
sponding to the rate of chasge of said engine
speedt signal, and
a fourth algebrie summer conneeted 10 sald com-
pensator and taid differentistor for gencrating
aid clotch actustion signal coreesponding o the
xam of (1) the outpnt of taid compensator and (2)
said differcntial signal,
8. The actomatic clutch eontroticr &8 claimed-in claim
7, wherein:
sid controller further includes
a kow pass filter disposcd between maid engine
spoed pensor and sid differentiator.
9, The automatic clutch controlier as claimed in clals
7, wherein:
said controller further incldes
s third intégrator connected to said differentiator
for fomoing & third integral slgnal corresponding
tes the time integral of said differential signal, and
xpid fourth algebraic summer is further connected
toy eaid third integratar and generates sald cluich
aciuation tignal corresponding to the sum of (1)
the output of said compensator, (2) said differen-
tial signal wnd (3) said third integral signal
10. The sutomatic cluich controller a1 cheimed in
claim %, whereln:
waid controller further includes
a second algebrade sunmer conneeted 1o said refer-
gnce spead generitor and said transmission input
speedd sensor for forming a second algebraic sum
signal corresponding to the difference betwesn
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(1) said reference specd pignul and (2) said trans- -

mission input speed signal,

a threshold detector connected to said differeny-
ator for determining whether said differential
signal is less than 4 prodetermined threshold,

» firkt switch connecled to said second algebraic
semmer and said thrashold detector for penerat-
ing & first switch eutput (1) equal to zere when
puid threshold detector determines said differen-
tini signal is Iess than said predetermined thresh-
old, and {2) othevwite correspanding to said
secand algebraic spm sgnad,

a first integretor connected to wuid frst switch for
fotming » first integral signal corresponding to
the time integral of said first switch output, and

a third algebraic summet connected 1o said rofer-
ence spoed generator and said fisst integrater for
forming & third algebraic sum signal correspond-
ing to the sum of (1) said reference speed signal
and {2) said first integral signal, said third lge-
brale sum wsignal supplied to said prefiller
wherchy said prefilier is connected to said refer-
ence specd generator via said ihird algebraic
SUTILMET.

1. The automatic cluieh controller as claimed in
claim 10, wherein:
said controlier wherein

said predetermined threshold of seid threshald
detector is 2ero,

12, “the automatic clurch controfler as claimed in
claim 10, whersin:
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soid controller further mcludes

1 second switch connected to said threshold detec-
tor and sald first integrator for genecating & sec-
ond switch output {1) equal to 2ere when eaid
threshold detector determines said differential
signal is Iess than said predetermined threchold,
and (2) otherwise comresponding to wid first
mtegral signsl, .

# seoond integrator comnected to eaid second
switch for forming = second integral sigaal cor-
responding 10 the tme integral of said second
switch output, and

said third algebraic summer is further connected 0
said sceond integrktor for forming said third
algebraic sum signal commesponding to the sum of
{1) swid veference spoed signed, (1) said firsl inte-
gral signal and (3) said second integral signal.

13, The automatic chitch controller & claimed in
clxim ¥, wherein:

said yeference speod generaior i connected to taid
enging speed sensor and generates said reference
speed signal corresponding to id engine speed
signal and

taid controller wherein
wid compentator generates said clutch engage-

ment signa! for fully engaging the friction clutch
within & predetermintd imerval of time after
initial partisl engagement.

14. The automatic chuch controller as cleimsd in
claim 1, wherein:

eaid controller whereln
said compensator geperates waid chitch engage-

ment signal indicative of desired clutch position;
and

said clutch actustor controls the pesition of the fric-
tion clutch corresponding to the desired cluich
position indicatcd by ssid clwich engagement sig-
nal. ‘

15, The automatic clutch controller as cluimed in

claim 1, wherein:

taid controller wherein
said compentator geperates seid cluch engage-

ment sigrial indicative of desired clutch pressure;
and

said clutch actustor controbs the pressure of the fric-
ton clutch corresponding to the desired clutch
pressure indicated by said cietch engagement ig-
nal,

16, The aptomatic cluch controller as claimed in
claim 1, wherein the combination further includes =
throttle for conirol of torque generuted by the source of
motive power, said automatic clutch controller further
comprising:

a throttle sensor connected to (he throtie for geoerat-
ing » throtte signal indicative of throtile position;
and

said reference ypeed generstor being connected to
saidd engine speed senwor and waid throtile sensor for
gonerating said reference specd sighal correspond.
ing to sad engine speed signal and said throttls
signal,

17. The sutomatic clmeh controlter as lalmed in

claim 16, wherain:

said reference speed generalor generates said refer
ence speed slgnial as foHows
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whire: Spyis the reference spesd signal; Egis said en- §
ginc apeed slgal; T is sadd throtte signal; and Tryls 8
throttle reference constant equal to the throttle signal
for a predetermined throttle position.

18, The autamatic clutch contrajler a5 claimed in
clyim 1, the combination further incuding a throttle for 19
control of torgat generated by the source of motive
power, sald automatic chitch cantroller forther com-
prising

a throttle sensor connected 1o the throtils for gentrat-

ing & throttle signal ndicative of thronle position;

andd

said reference pocd generstor being futther con-

necied 10 said throttle and including

& launch/creep stlector connected Lo said throtele o,
sensor for selecting either & launch mode or 2
creep mode based upon the magnitode of sald
throttie signal,

4 creep speed reference gencrator conmected o
said engine specd sensor and said throtile sensor ag
for grneraling r crecp speed refrrence sigmal
corresponding 1o said engine speed signal and
said throttle signal, and

a mode sehection switch cotineated to seid engine
speed sensor, said launch/creep selcctor and g8id 30
cresp speed reference generatar for selectively

~ gencrating  referance speed signal correspond-
ing 1o (1) said engine specd signal if said faunch
mode is selacted and (2) srid creep speed refer-
ence signal if seid creep mode i3 selected, a5

19. The sutomatic cluteh controller as claimed in
claim 38, whetein:

snid reference spoed generator whetein

said launch/Greep selection selects

exid Taunch mode if said throtde signal indicates a 40

throtile position of greater than 8 predetormined

throttle position #nd otherwise selects said creep
mode.

20. The aotomatic clutch controller as claimed i
claim 19, wherein:

cxld reference speed generatgr wherein

wid predetermined throttde position of said
Inunch/creep selectar is 25% of full throttle.

2. The awomatic elutch controller 5 claimed in
claim 18, wherein:

said reference speed generator whersin

said creep spesd reference generatar generates said
grecp tpeed reference stgnat a5 follows

-
wm

43

50

3]
T
Spgf E‘,-r—-

where: Spris the creep tpeed reference signal; B is said
ctiging speed signal; T is said throtile signal; and Tryis 4o
a thrattle reference constant equal to the throttle signal
for said predetcrmined throttie position,
21, The avtomatic cloich controller as claimed in
claim 21, whereim:
xrid controller wherein 65
said compensator generates said clutch enghge-
mettt signed for fully engaping the friction clutch
within a predetermined interval of time after
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{nitia] partiel engagement when seid Iaunch
mode is salectad,

23, The sptomatic cluteh controller as claimed in
clubm 21, wherein:

vald contraller wherein
said vompensator generates sald cletch engage-

ment signal indiontive of desired clutch pressures;
and ; .
anid clwich actuator controls the pressore of the
friction clutch corresponding to the desired chuch
pressure indicated by said clutch engsgement sig-
pal

24. In a combimtion including & source of wotive
power, & throttle for control of torque penerated by the
gource of motive power, a [eiction clutch having an
input shall econnected to the source of mative pawer
snd an putput shuft, and at lcast one ipertiafly-loaded
traction wheel connected to the output shaft of the
friction clutch having a torsional compliance exhibiting
an oscillatery response to torque inputy, kit sulomatic
clutch controller comprising:

athrotile seasor connected 1o the thronle for genarat-
ing a throtile sgnal indicatlve of throttie position;

an engine speed sensor connected to the source of
motive power for genarating an engine speed signal
corresponding to the rotations! speed of the source
of motive power;

A transmyisgion input spesd sepsor comnected to an
output shaft of the friction cluich for generating a
transmission input speed sigmal comesponding to
the rotational spesd of the outpot shaft of the frie-
tion cluteh;

& clutch actuator connacied 1o the friction cluteh for
controlling engagement of the frction chitch from
disengaged to fully engaged scconding to a clutch
engagemenl sigrial; and

a reference speed penerator connectad to snid throttle
scrsor and said engine spead sensor including
# lpunch/creey selector connesded to said throttle
- pensor for selecting cither u Jaunch mode of &

crecp mode based wpon the magnitude of raid
thtotte signal,

cresp speed reference gonerator connected 10
said engine speed sensor snd said throttle sensor
for generating u creep specd reference sigmal
corresponding to said engine spesd sigpal and
said throttle signal, snd

a mode selection switch conneated to said englte
speed sensot, taid launch/creep selector and suid
creep speed reference generator for generating a
speed reference signal corresponding to (1) said
engine speed if said lannch mode is selected #nd
(2) snid creep speed reforence signal if said creep
mde is selected; and

a controller connected to said reference speed gener-
ator, seid transmission input speed sensor and said
cluich acteatos including

a prefilter connected to seid reference speed gener-
ator for geperating a filtered reference speed
signal,

g first algabraic summer connected to said trans-
mission iaput specd sensot and said prefilter gen-
ereting e first algebraic sum signal corresponding
to the difference between (1) s2id filtered speed
teference signal and (2) seid transmission input
speed signat, and
compensator conmected to said first algebraic
summer for geperating sald cluich engagemem

£
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signal for supply to suid cloich setuator for en-
geging the frction cletch in o manner causing
said trancmission input speed signal to asympteti-
cally approach said reference speed signal.

2%, The avtomatic cluck controller ws claimed in
claim 24, wherein:

wijd controller whersin

mid compensator has & transfer function having a
notch filter with » froquency band s the range of
the expected frequency of the oscillatory re-
sponse 1o lorgue inpats of the at least one inet-
tinlly-loaded tracton wheel, sid compensator
thereby reducing the osciflatory response to
torque inpots of the st least one inertislly-loaded
traction wheel,

26 The automatic cluich controller a5 claimed io
clufm 24, whersin:
said coniroller whersin

sxid compensator hes & transfer function having a
region of increased gain in the frequency rige
where the expectad response 1o torque inputs of
the at least one inertially-Ioaded traction wher! is
& minimum, said compenestor thereby incressing
loop guis and maintaining reduced sensitivity of
mid controller o variadons in the response Lo
torgne inputs of the at least ons inertially-losded
traction wheel,

7. The pupmatic clatch controller w chairmed in
claim 24, wherein:
said controller whersin

tuid prefilter is & low pass filier having s cutoff
frequency selected to provide » desived tadsient
response of input speed response to & step fne-
tion in said spead reference signal.

28, The sutomatic clutch controller #s claimed in
cluim 4, wherein
said controller further includes

2 second algehraic surmear connected to said refer-
ence spead genarator and said transmission input
tpeed sansor for forming a second slgsbraic sum
gignal corresponding 1o the difference between
(1) said reference specd-signat end (2) said trans-
mistion input speed signal,

u first Integretor connected to said secomd algebraic
summer for forming » first integral signal corre-
eponding o the time integral of said secobd alge-
braic sum signal, and

a third algrbmic summer connected to sald cefer
ence spred generator wnd waid first integrator for
forming a third algebraic tum signal cormespond-
ing to the sum of (1) sid reference speed signal
and (2) said first integral signal, ssid third alge.
bralc sum signal supplied to said prefiter
whereby sald prafifeer is connected to said refer-
ence speed generator via gaid third algebraic
SIOmEr.

29, Tbe avtamatic clateh cemteoller as claimed in

claim 28, wherein:
i contreller further includes

 second integrator connected to said first integra-
tor for forming & second integral tignal corre-
sponding to the time integral of said first inlegral
signal, and

said third algebraic summer is further connected to
gaid second integrator for forming said third
algebraic sum signal corresponding to the sum af
(1) said reference speed sighal, (2) said first inte-
gral signal and (3) said second intsgral signel,
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M. ‘The sutomatic clotel controller »s claimed in
clnim 24, wherein:

axid controller further includes
a differentistor connected to said enpine speed
5 sensor for generating & differential signal corre-
sponding to the rate of change of smid engine

speed sigoal, and

# fourth «lgebraie summer connected to gid oom-
penisator and said differantistor for gencrating

1 said clutch engagement signal carresponding o
tha sam of (1) the output of sid compensator
and {2} said differential signad.

31, The automatic cluich controller as claimed in
cluim 3D, wherein:

15 gaid comtroller further includes

s low pas filter disposed between aaid engine
speed sensor and wrid differentiator.

32 The automatic clutch controlier as cluimed in
claimi M, wherein:

I aid controller further includes

2 third integrator contiected to said differentistor
for forming 2 third integral signal corresponding
1o the time integrat of said differetial signal, and
aaid fourth algebraic suminer b Forther connecied
to snid third integrator and generntes sald clutch
sctuation signal correspanding to the mm of (1)
the output of said compensator, () sid differen-
tin] sigmal and (3) said third integral signal.
33, The automatic cluteh controller &5 cluimed in
claim 30, wherein:
said controller further includes
a second algebraic summer connected to eid refer-
ence sprod gentrator and waid trancmitsion input

11 speed sensor for forming a second sigebriic suth
signil corresponding te the difference between
(1} said reference speed signal and (1) said trams-
mission input speed signal,

a threshold detector connected to said differenti-

&0 aor for determining whether said differential
signal is Jess than a predetermined threshold,

8 first switch conhected to said second wgebraic
summer and xaid threshold detector for generst-
ing a first switch output (1) equal to zerg when

45 siid threshold detector determines sald differen-
tial signa! Is less then said predetermined thresh-
ald, and {2} otherwise comesponding lo maid
second algebraic sum signal, :

a first integrator connected to said fiedl ewitch for

sy forming s first integral signal corresponding to
the Lime integral of said first switch output, and

a third algebraic summer connected ta sald refer-
ence spred generator and said first integrator fot
forming a third algebraic sum signal correspond-

23 ing to the sum of (1) said reference speed signal
and {(7) said first integral sighal, said third alge-
braic sum signal supplicd to said prefilter
whereby sald prefiler ts connected to said refer.
ence sperd geperalor via said third algebrale

60 sunimer,

A4, The automatic clutch controller as claimed in
claim 33, wherein:
suid controller wherein

spid predelermined threshold of said thrashold

&5 datector is zern.

38, The automatic cletch coniroller as claimed in
clainy 33, wherein:
suid controller further includes

4 m e e e
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a second switch conneated to said threchold detes-
tor and said first integrator for generating & pec-
ond wwitch ourpat (1) egual to zero when sald
threshold detector determines said differenticl
sigoal is legs than sld predetermined threshold,
ad (2} otherwise corresponding to said first
integral sgnal,

a second integrator comnested 10 said second
switch for forming a second imtegral dgmal cor-
responding to the time intepral of said second
switch output, and

said third algebraic summmer is further connected to
mid second integrator for forming said thisd
#lgehraic sum signal eotresponding to the sum of
(1) sadd reference spead sighal, (2) seid first inte-
grel signal and {3) s=id second integral signs),
3. The sutoraatic clotch controller s claimed in

claim 24, wherein:
sald controller wherein

siid compensator generates said clutch
engagement signal indicative of desired clutch posi-
tion; and
uaid clnteh sctugtor controls the position of the fric-
tion clutch corresponding fo the desired clotch
position indicated by said chich emgagement sig-
1l
37. The snomatic clutch controller as claimed in
claitn M, wherein:
aaid reference gpead genarator wherein
said launch/creep seleetor selects seid launch mode
if said throttle signa) indicates a throttle position
of grester than a predstermined throttle position
and otherwise selects aid creep mode,
3%, The automatic clutch controller as claimed in
claim 37, whergin:
taid reference speed generator wherein
mid predetermined  throtile  position of  said
lavnch/cresp selector is 259 of full throitle.
A8, The sutamatle clutch controller as claimed in
claim 24, wherain:
said reference speed generator wherein

siid creep speed reference generator gonerates said

ereep speed reference signal as follows

Rppp = E,,-;Er-

where: Ry is the creep speed reference signal, Eg i
satd engine speod signal; T is mnid throttle signal; and
Tryis a throtile reference constant equal to the throftle
sigral for spid predetermined throttle positiem,

d). In » combinaticn including a sourte of motive
power, & friction clutch having an input shaft eonneeted
to the source of mofive power ghd an output shafl, a
transniission having an ioput shaft conmected in the
vutput shaft of the friction chstch and providing a se-
lectable gear ratio to an output shafl, and at least one
ineriially-loaded traction wheel connected to the output
shafy of the transmission having & torsional compliance
exbibiting an ascllletory response to tarque inputy, an
auiomatic clutch controller comprising:

a ttansmission shift controtler connected to the trans-
mission for controlling the pear rotio seélected by
the trensmission;

sn ragine speed sensor connected 1o the sourge of
motive power for generaling an engime speed signal

0

3
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torresponding to the rotarons! spesd of the source
of motive power;
a reference speed penemator connected 1o Seld sngine
speed sensor for generating s reference speed sig-

(

a transmission input speed sensor connected to the
input shaft of the transmission for gensrating a
trungmission input speed signal cortssponding 10
the rotationa) speed of the outpat shaft of (he fiie-
tion clutch;

& ¢lutch actuator connected to the friction chmch for
cettrollng engagenent of the friction clutch from
discngaged to fully engaged sccording to a cluich
engagement xignal; and

& controller connzcted to said tansiesion shift con-
troller, sid reference spead gencrator, said (rans-
mission imput speed sentor, and seid cluich actna.
tor, said comtroller implemented vig discrete differ-
cnee cquations executed by a microcontroller and
including
¢ coefficlent memory for storing a plurality of set

of coefficients, onc st of cosfficlents corre.
sponding to each selectable gear ratic of the
transtmission,

a first algebraic sommer for forming A fivst alge-
braic sum signal corresponding to the differsmoes
betwesn said referance specd signal and said
transmission input speed signal,

a prefllter connected to said coelficient memary
and suid referénce speed penerator for generst-
ing a filterad reference speod spnal, said prafjter
implemented in diserste difference equations
cmploying a sct of coefficients recalied from sid
coefficient memory comesponding 16 the gear
rafio af the trapsmission,

a tecond 6l pebraic summer connected ta said trang-
mission input specd s4nsor and said prefilier gen-
crating & tccond algebraic sum signal corre-
sponding to the differcace betwesn said filtered
reference speed signal and said tranemission
imput speed signal, and

& compensetor connected (o said coefficient mem-
ory and said second algebraie summer for gener-
ating a clutch engagement signal for supply to
said clutch actustor for engaging the friction
clutch in & menner causing said transmisslon
Input speed sighal to asymptotically approach
said reference speed signal, snid compepaator
implemented in discrete differcmee equations
employing & st of coafficients recalled from sald
coefficient memory eorresponding 10 the gear
ratio of the transmission,

41, The automatic clutch controller a5 claimed in

claim &0, whereir:

said comtroller wherein
said compensator has 2 transfer function having a

notoh fifter with & freguency band in the range of
the expected frequency of the oscillatory re-
sponse o torque mpuls of the gt leas! one iner-
tizlly-loaded traction wheel, said compensator
thereby reducing the oscillatory respanst to
torgue inputs of the at least one inertially-laaded
traction wheel,

42 The putomstic clutch controller as claimed in

claim 40, whercin;

said controller wherein
said compensator has a transfer function having s

region of increased gain in the frequency range
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where the expacted responee to targue inputs of
the at least one inertially-loaded traction wheel is
2 minimum, seid compeneator thereby increasing
Joap gain and meintaining reduced sensitvity of
anid controller to varistions in the rosponse 10
torgue inpute of the st least coe inertialty-toaded
traction whesl,

43, The swiomatic clutch controller #5 claimed in
¢luim 40, wherein;
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sid reference spead generator is connected o sadd
engine spesd wtnsor and generales said reference
speed tipnal proportional 10 seid engine speed sig-
oal; and

said controller wherein .
exld compensator meludes an integraf fonction for
generating wald clutch engagement signal for
fully engaging the friction cluteh within & prede-
termined interval of time after initint partis! en-
phgement.
* & B ¥
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1

CLOSED LODP LAUNCH AND CREEP CONTROL
FOR AUTOMATIC CLUTCH

TECHNICAT, FIELD OF THE INVENTION

The technical field of this invention iz that of aoto-
mztic clutch controls, mnd more paniculsrly clossd
locp sutomatic chuteh contrals for peducteg oacitlatory
respomse tor lagnch and creep of & motor vehicls,

BACKGROUND OF THE INVENTION

In recent years there hat been s growing iolerest in
thereased auloemation in the control of the drive traia of
mctor vehicles, and meost especially in contyol of the
drive train of large trucks. The s of antomatic trans-
winions in pasenger mstormobiles and light trocks is
well known. The typical mrometic {ransminion in such
a vehicie employs a fluid torque converter and hydrau-
Lically acivated gewrs for selecting the final drive ratio
between the engite shaft and the drive wheels. This
genr selection is bated upon engine gpeed, vehicle speed
and the iike. It is wall known that such sutomatic tranz-
missions reduce the effectivensss of the transmission off
powdr from the engine io the drive shaft, with the con-
suitinkte reducdet in fuel economy and power as com-
pared with the skilled operation of a manual transmis-
sion. Such hydraulic automstic transmissions have not
wchieved wide spread use in large molor trucks bacause
of the raduction in efficiency of the operation of the
vehicle, :

Ome of the reasons for the loss of efficiency when
employing & hydraylic automatie tiansmissdon s loss
ocenrring in the fluid torque converter, A typical fluid
torque converter exhibits stippage and consequent loss
of torque and power in all modes, |t s known in the art
w provide lockup torque converters that provide a
direct link between the inpitt shaft and the ontput shaft
of the tranemissdon above certdin engine speeds, This
technique provides adequate 1ocgue transfer efficiency
when engaged, however, this technique provides no
gain in efficiency at lower speeds,

It bas been proposed to eliminate the inefficienciss
inherent in & hydraulie torgue converier by substitution
of an automatically setuated foetion elutels. This substi-
tution introduces snother problem net exhibiled o the
use of the hydraulic torque convarters, The mechraical
drive train of @ motor vehicle typically #ahibils consid-
crablc torsional compliance in the driveline between the
tranamission &nd the traction wheels of the vehicle, This
torsional complinpce may be found ip the drive shafi
batwaen the transmission and the differential or the axle
shaft between the differentiel and the driven wheels, It
is often the case that independent design criteria encaur-
ages or roquires this driveline to eahibil eonsiderable
torsiona] complisnce. The existence of substantial tor-
tlona] compliance in the driveline of the motor vehicle
causes oscillatory response 1o clutch engagement.
These oscillatory responsss can cause considerable ag-
ditional wear to the drive train components and other
parts of the vehicle, In addition, these oscillatory re-
sponses can cause gbjsctionable pessettger compart-
ment vibrations,

The gscillatory response of the drveline to clutch
engagement is dependent in large degree to the matiner
in which the input speed of the transmission, ie. the
speed of the cluich, approaches the engine specd. A
stnooth approach of (hess spesds, such as via a decaying
exponential function, imparts no torque traosients gn
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cluteh Jockup. If these speeds approach abruptly, then a
torges transient & transmitted 1o the driveline resulting
in 2o oseillatory response in the vehicle doveiine,

Thus it would be an advantags to provids antomatic
clutch sctuntion of a friction clutch that reduces the
ocillstory response 1o cluich engegement. The prob-
let of providiok fuch sutomatic clutch actostion is
considerably increased in largs trucks. In particular,
Inrge trocks exbibit a wide range of variability in re-
sponse between trucks and within the same truck. The
total weight of o particidar Inrge ttuck may vary over
an § to 1 range from unlosded to folly loaded. The
driveline complianie may vary ovor s moge of shoyt 2
1o 1 smomg different trucks. Further, the cliateh friction
charscteristic may vary within a single clutch s 2 fime-
tion of degree of clutch engagement sad between
clutches, It wonld be particulerly sdvaniageous to pro-
vide such an sutomatic clotch actunrion system that
does not require extemsive adjostment o & particular
motor vehicle or the operating condition of the motor
vehicle,

SUMMARY OF THE INVENTION

This invention is an automatic clutch controllar used
in » combination incinding » sourca of motive power, &
friction clutch, znd st least one inertislly-loaded trac-
tion whee] comnected to the fricton clutch that has a
torsiona! complignce exhibiting #n oscillatory response
to torque inputs, The sutomatic cluich controller is
preferably used with a transmission shift controller
This sutomatic clutch controller provides smooth
clatch engegement during vehicle liunch, following
transmission shifts and dering creep to minimize the
oscillatory response to cluich engagement, This auto-
matic cluteh controller s uselul in lerpe trucks,

The automatic ¢lutch controller receives inputs from
an engine spaed sensor and a (ransmission input speed
sensor, The transmission itput speed sansor senses the
rotational speed At the input to the transmision, whith
is the cutput of the fhiction chrtch. The aitomatic cluteh
controllar develops a chatch engagement signal control-
ling a cluich actoator betwesn fully disengaged and
fuily engaged, THe clutch engagement signal engages
the friction clutch in a manner causing asymptotic ap-
proach of the lrananistion input speed to a referehce
spe=d. T'his mindmires the oseillatery response to torgque
inputs of the inertially-loaded traction wheel,

In the preferred embodiment the sutomatic clutch
controller operates in two tmodes. In s launch mode,
corresponding 10 norpal start of the vehicle, the clutch
cogagement xignal causes the transimusion input speed
to asympioticelly spproach the engine speed, This same
mode muy optionally also be used for clulch re-cngage-
ment upon transmissfon gear shifts, In 8 creep mode,
corresponding 16 slow spetd creeping of the vehicle,
the cluich engagement signal canses the transmission
inpul speed to wsymplotically spprosch a creep refer-
ence sgnal. This creep reftrener signal iz generated
based on the amownt of throttiz and the engine speed,
The two modes are selected basad upon the throttle
setting. The ldunch mode is selected for o thramtle of
more than 23% full throttle, otherwise the creep mode
i gelacted,

The automatic clutch contraller is preferably imple-
mented in discrete difference egquations execoted by 8
digital microgontroller. The mivtocontroller imple-
ments 2 compensatar having a transfer function epprox-




3

imately the inverse of the teansfer funotion of the iner-
tiglly-loaded traction wheel. This compensator Leansfer
functien includes 2 notch filter covering the region of
expected osciliatory response of the driveline, The fre-
qoensy band of this noteh filter miust be sufficienty
broad to cover  tange of frequencios because the oscil-
latory vesponss frequency mey change with changes in
vehicle loading and driveline charscteristics

The cluick actuation controller prefersbly stores sets
of coefficients for the diserste differance squations cor-
responding to each gear rato of the transmission, The
cluteh actistion controller recalls the set of coefficisnts
waresponding to the selected gear tatio. These pegafled
st of coefficients are omployed in otherwise identical
discrete differsnce equations for clutch control.

The sutomatic cluich contrgller preferably includes
an integral function within the compensetor for insuring
full cluteh engegement within a predetermined interval
of time after initial partial engagement when in the
Inumeh mode. Any lomg term difference between the
trensmission input specd reference signal and the trans-
mission input spocd generates an inereasing signal that
eventually drives the clutch {o full engagerment,

The aofomatic cluwch controller may farther include
a difforentiator connected Lo the engine speed sensor.
The sngine speed differential signal corresponding o
the rate of change of the cogioe speed signal is added to
the signal supplied to the compengator. This differentinl
sigtial causes rapid advance of cluich actustion when
the engine speed ls accelerating, Rapid advanrce of the
cluteh undar these sondibions prevents the engine spead
from running awey., An integrator connected 1o the
differentintor saves the clutch actuation level needed to
restrain the engine speed once the eagine spead is no
longer accelerating.

BRIEF DESCRIFTION OF THE DRAWINGS

These and other objects and aspects of the presemt
invention will be described below in conjunction with
the drawings in which:

FIG. 1 illustrates a schematic view of the vehicle
drive train meluding the cluteh actuation controller of
the present invention; :

Fl1. 2 illustrates the typical relationship betwe
clutch engagement and clutch torque;

F1(3.' 3 illustrates the ideal response of eoglne epeed
and {rangmission input speed over Ume for launch of the
mator vehicle;

FIQ. 4 llusirates the ideal response of engine speed
and trammisdon input speed over time far eresping of
the motor vekicle; and

FHE. 5§ illustrates = prefeered embodiment of the
eluteh actuntion controller of the present mvention-

DETAILED DESCRIFTION OF TRE
PREFERRED EMBODIMENTS

FIG. 1 lustrates in sehematic form the drive train of
a mator vehicle incliding the gutomatiz eluteh control-
{et of the present invention. The mator vehicle includes
engine 10 as a source of motive power, For w large track
of the type 1o which the present invention is most appli-
cable, engine 10 would be & ditsel Interiial combustion
engine. Throtile 11; which iy aseally a foot operated
pedal, controls operation of engine 10 vie throttle Abter
13 Throttie filter 12 filters the throttie signel supplied
to engine 10 by supplying a ramped throttle signal upon
receipt of a step throttle increase via throttle 13 Engine
10 prontuees torque oo engine shaft 15, Engine speed
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seasor 13 detects the rotational velocity of engine shaft
15, The actunl site of rotations] velocity detection by
engine speed sensor may be st the engine flywheel
Engine speed sareor 13 i preferably a multitooth wheel
whose tooth rotation is detected by n magmetic sensor,

Friction chiteh 20 inglodes fixed plate 21 and mov-
able piate 23 that are capable of full ¢r partial engage-
tment. Fixed plate 71 may be embodied by the sngine
fiywhecl. Friction chitch 20 couples thigue from engine
shaft 18 1o input shaft 2% corresponding to the dogree of
engagement betwern flxed plate 21 and movable plate
23, Note that while FiG. 1 illugtrates only o single pair
of fized and movable platex, those sidllad in the ant
woald realize thet clotchk 20 could include multiple
pairs of such plates,

A typlesl torque verses cluich position functon it

lustrated in F1G, 3 Clutch torgue/position curve 80 s
initislly zero for a ringe of ¢ogagements before indtial
tonch point K1, Cluteh towque rises monotonically with
increasing chutch eogagement, In the emmple Dus-
trated in FIG, 2, clutch torque rises slowly at fimst mud
then mote sieeply until the masimnm chateh torque is
reached upon full engagement at point 82, The rypical
clnich design calk for the maximum clutch tworegus wpon
full engagement to be sbopt 1.5 times the maximum
eogine torgoe, This ensures thut clureh 20 cen transfer
the maximum torque produced by engine 10 withoot
elipping,
Clutch retuator 27 s contpled to mavable plate 23 for
control of clotck 20 from disengegement through par-
tin} engagement to full engagement. Clutch actestor 37
may be ax clectrical, hydoaulic or pneumatic fotuator
and may be position or pressure controlled, Clutch
actumtor 27 controle the degres of cloich engagement
according to a clulch ehgagemient sigmal fromn clutch
astuation controller £0.

Transmission input speed sensor 31 senses the rota-
tiopal velocity of tnput shaft 23, which is the put to
transmibssion 3. Trassmission 30 provides selectable
drive ratios to drive chaft 35 under the control of trans-
mission shift controller 33, Drive shaft 35 i conpied to
diffarential 40, Transmission outpst speod scmsor 37
senses the rotatfonsl velocity of drive shaft 3. Trans-
mission inpit speed sensor 31 and transmission output
speed sensor 37 are preferably comstructed in the same
manaer 45 engine speed sepsor 13, In the preferred em-
bodiment of the present invention, in whicl the motor
vehicle i3 & large truck, differentia) 40 drves four axfe
ghafts 41 to 44 thaet arc in tuim eoupled to respective
wheels 51 to 54,

Transmission shift controller 32 recelves nput sipgnals
from throttle 11, engine speed gensor 13, transmission
lnput speed sensor 31 and wansmission output speed
sensor 37, Transmission shift controller 33 generaiss
pear seleet siphals for comtrol of transmission 30 and
cluteh engage/dissnpage signals coupled to clutch actu-
ation controler 60, Tranemieslon shdft controller 33
preferably changes the fing! gear mtio provided by
transmission M corresponding to the throfle soifing,
engine speed, transmission input spead and tranemission
autpul speed, Transtnissdon shift coptroller 43 provides
respective engage and disengage signals to chuick actua-
tion conirotler 80 depending on whether friction cluich
20 should be engaged or discngaged. Traustnrsion shift
santroller ulso trassmits & gear signal to clutch actya-
tion controller 60, This gedr sigrial permits recall of the
set of coefficients correspanding to the selected gear.
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Note: transmission shift controller 33 forms no part of
the present invention and will not be further described.

Clutch actuation controlier 80 provides-a clutch en-
Fagemeni signal 1o clutch actostor 27 for controlling
the podition of movable plate 23, This controis the
amornt of tatque transferred by clutch 20 accordng ta
elutch torquc/position curve 36 of F1G. 2. Cluich actu-
ation controller 80 operates under the control of tans-
muisclog shift controller 33, Cluich actuation controller
60 controls the movement of moving plate 23 from
disengagement to at least pantis engagement or full
eogagement upon recelpt of the engage signal from
transmision shift controller 3. In the preferred em-
bodinent it is contemplated thet the cloteh engagement
signsl will indicate » desired clutch position. Clutch
scruateyr 17 preferably includes 2 closed Joop control
system controlling movable plate 23 (o this desdred
position. It is also feasible for the clutch engegement
signat to represent o degired cluteh pressure with clutch
sctuator 27 providing closed loop contral 10 this desired
pressure. Depending on the particnlar vebicle, it may be
Teasibile for cluteh actuavor 27 19 operate in an open loop
fushion. The exact detsils of cluich actoator 27 are not
cragigl to this invention and will not be further dis-
cuazed, '

Clatch actustion controller 60 preferzbly generates &
predetermined open loop eluich disengsgement signal
for a ramped out disengagement of cluich 2 upon re-
cript of the discngage signal from transmission shift
cantraller 33, N adverse oscillatory responses are an-
Heipated for this predetermined open loop disengage-
ment of clutch 20,

FIGS. 3 and 4 illustrate the two cases of starting the
vehicle from a full stop. FIGS. 3 and & Mlustrate the
engine speed and the transmission input speed during
ideat clutch sngagement. FI3, 3 illustrstes the case of
lannch, FIG. 4 llustrates the case of ecreep.

FIG. 3 illustrates the case of Jaunch, that is starting
out from a stop in order to procesd o 2 reasormble
apeed. Faitially, the engine speod 9 is at idie. Thereafier
engine speed M rrenctonically increasss within the dme
Frame of FIG. 3. Engine speed 90 sither increases or
temaing the same. Idexlly cogine speed W) incresscs
untll the torque produced by engine 10 matches the
torque required 1o accelerate the vehicle. At high Joad
this engine spead may be in the mid range betwesn the
idle spoed and the maximum engine speed. This con-
stant engine speed corresponds 1o the engine torgue
required to match cluteh torque and driveline torqus
and achieve a talance betwetn cogine putpist torgue
ud the wehicle load torque. This torqne level is the
ideal cluich torque becmuse a higher clurch torque
wanld stal engine 10 and a lower clutch terque would
allow the engine speed to increase too much, Ultimaiely
the vehicle would accrlerate to a speed where cluteh 20
can be fully eoguged. Thereafter the balance betwern
engine torque and load torque i undet the control of
the driver vis the throttle setting and clyteh actustion
controlier 60 wonld continne to command fall clutch
enpngetnent,

Whei the vehicle is stopped and clutch 20 fully disen-
gaged, transmistion input apeed 100 is initially zero,
This is the case for starting the vehicle. However, as
further expliined below, this same technique can be
wsed for smoath clutch engagement vpon shifting gears
while moving. Thus the transmission inpul speed may
initinlly be g value correspanding to the vehicle spesd.
Upon partial engagement of cluich 20, transmission
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input speed 100 increases and approaches engine speed
90 asympiotically. At s point 101, cranseiseion inpit
speed 100 is sufficiently close 10 enging specd 90 10
achieve full engagement of cluteh M withowt exoiting
the torsiemal compliance of the driveline of the vehicle,
At this point clutch 20 i fully engaged, Thereaftar
tramamission input speed 100 tracks engine speed 90
until cluteh 20 i disengaged when the nest higher final
gear ratio I seloctnd by transmission controller 33, The
system priforably alo aperates for the case in which
the vehicle is not stopped and the initisl truosmbsdon
input speed & Bongero.

FIG. 4 Hlurates the engine speod and trapsmission
input speed for the case of crecp. In the cresp mode,
cluich 3 must be deliberately stipped in order tos match
the available engine worgue 21 an engine specd above
idle and the reqoivad torgue. FIG. 4 (Huxtrates engine
speed 95 rising from idle to a platean level. In a similar
fashiom mput speed 105 rises from zero to & predeter-
mined level, This predetermined lavel is Less than the
engine idie spesd in this example. The creep mode is
required when the desred vehicle speed fmplies » trans-
mikxion input speed loss than idie for the lowest gear
ratio. The creep mode may also be required when the
desired vehicle spead imples o transmission input specd
shove engine idle and engine 10 cxnnot pioduce ibe
requirad iorque ut this engine speed. Mote that there is
8 speed difference 107 between the cngine speed 95 and
the input speed 105 onder quicscent conditions. This
difference 107 reprasents the slip specd required for this
creep aperation.

FICh & ilfustrates schematically the contral function
of clutch actuation eomtrolier 6. As also illustrated in
FiG. 1, clutch acination controller &8 receives the
throttle slgual from throttle 11, the engine spaed sighal
from engine speed sensor 13 and the Hansmisgion input
speed dgnad from transmisslon input spead sensor 31
Clutch actoation costroller 84 iilustraied in FIG. §
generates & chytch engagement signad that is supplied 1o
claleh actwator 27 for operation of the frictdon clutch
0. Alrbough not showh in FIG. B, the degiree of cluich
actuation, logether with the throttle setting, the epgine
apeed and the vehicle characteristics determine the
trankmjssion input speed that is senved by transmission
input speed seasor 31 und supplied 1o clutch actuston
comriller 0. Therefore, the control schemate Hins.
trated in FI1G. 5 is & closed Joop ayster,

The control fenction Mitrated in FIG. § is neaded
only for clutch positions between touch point ¥1 and
full engagement. Cluteh engugement Iess than thet cor-
responding to touch point 31 provide no possibility of
targue tranefer becaiwe clutch 20 is fully dincngaged.
Clatch actuation controller & preferably inclades some
manner of detaction of the clutch position correspond-
ing to touch point B1. Techniques for this detarmination
rre known in the art. As an example omly, the clutch
position at teuch point 81 can be determined by placing
trangmission 30 in peutral and advancing olutch 20
toward engagement until transmission Input spoed sen.
sor 31 first detects rotevion. Upon receipt of the
signt] from transmission shift contralier 34, chitch aoty-
ation controller ) preferably rapidly advances cluich
20 108 point corresponding to wuch point 81, This sets
the rerg of the clitch engagement control st touch
point 81 Thercefier the cluteh engagement i oon-
trolled by the control fonction Blistrated in FIG. 5.

Chutch actuation controller 80 is preferably realized
vie a microcontroller cireuit. Inputs corresponding to

T A e e e b s e am e n e m g e men . ..
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the sngine specd, the transmission input spead and the
throtile setting must be in digital form. These inpt
signals are preferably sampled st 2 rafc consistent with
the rate of operation of the microcontroller and faxt
enough to provide the desired control. As previously
deseribed, the engine spesd, transmission input speed
and transmission output speed are preferably detected
via multitooth whesls whose reeth rotation 15 detectad
by magnetlc sensors, ‘The pelss tralns detecied by the
magoetic sensore are cowntad during predetermuned
intervals. The tespective cotmis are directly propor-
ticnal to the messured spesd. For proper control the
sigu of the tranamission inpur xpeed signal mest be negs-
tve if the vehicle is moving backwards. Some manner
of detecting the direction of rotation of input sheft 28 s
peedad Such Afrection sensing is conventionsl and will
not be further desoribed, The thoitle setting & prefera-
bly detected vie an anxlog sensor yuch as a potentiome-
tex. This snalog throtle signal is digitized vis an apslog

10

13

to-digital convertey for use by the microcontrofler. The 20

microcontroller cxecutes the processes ilustrated in
FIGAS. 5§ by discrete difference equations jn a mamner
Lnown it the grt. The contral processes fustrated in
FIr3, 5 should thercfore be regarded as an indlcation of
how ta program fhe micrecontroller embodyitg the
invention rather than discrete hardware, Xt is feasible
for the same micrccontroller, #f of sofficient capacity
end properly programmed, to act as both clutch actis-
tion contraller 60 and as transmission shift controlier 33,
Tt is believed that an Intel BOC196 microcontroller has
sufficient computation capacity ta serve in this manner.

The throtile signdl received from throttle 11 &5 sop-
plied to Jaumch/ereep selector 61 and to creep speed
reference 62 Lawnch/ereep sclector €1 determines
frota the throttle signal whether 1o operate in the launch
mude or to gperate {n the creep mode. In the preferred
embodiment of the present invention, launch/oreep
selector 61 seiects the launch mads if the throtile tignal
indicates greater than 259 of the full throvtle setting. In
other cases launch/creep selector 61 selects the creep
maode,

Creep spoed reference 62 receives the throttle signal
and ke engine spoed signal and generates a orasp speed
reference signal, This creep speed roference signal is
determined ns follows:

Rerp E.w“j%

where: Remis the aresp speed reference signal; Bppia the
meagured engine spead; T is the throttle signal;.amd Trer
is a throttle reference congtant equal to the throctle
signel for 25% full throttte The creep speed reference
signal is the product of the ongine spead signal and the
ritio of the acteal throttle to 25% full throttle, No crosp
apead reforence signal is required for throttie settings
abave 359 of full throttle becanse the launch made is
applicable rather than the creep mode. Note that this
creep speed reference signal makes the speed raference
dgnal continuous even when switching between the
Taunch meds and the creep mode. Thus ne instabilities
ere induced if changes in the throttle sctiing chuses
switching betwezn the two modes,

Mode seleet switch 63 detcrmmes the mode of opera-
tion of clatch actustion coniroller 80, Mode sdect
switch £3 receives the mode sclection determination
made by launch/creep selector 61 Mode select switch
63 aelects wither the engloe speed signal or the creep
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perd reforence signal depending upon the mode deter-
mined by taunch/Groep selector 61, In the svent that the
lemsnch made is selected mode select switch 63 salects
the engine spend for control, Thus in the Isunch made
the chitch engagement is controlled so that the frans.
misslon inpot specd matches the cogine speed. In the
event that the creep mode is selected mode seiect
swilch 63 selects the creep spesd reforsnce signel for
control, In creep mode the clutch engagement is con-
trolled 1o match ransmisson put speed 10 the creen
speed reference signal. This is equivalent to controlling
clutch engagement to match the actual cluteh dip to
destred slip speed, In cither mode, the speed reference
wignel is a transmission input speed reference.

Algebraic sammer &4 apppliss the input to compensa-
tor 65, Thit tnput is the diference berwsen the specd
feference gignal sclected by mode select pwitch 61 and
the imput speed signal from transmission nput speed
sensor 31, with the addition of some other tarms to be
discussed below, Compensator 65 includes 8 fransfor
fanction that # an approximete inverse wodel of the
misional oscillstary response of the vehicle driveling to
torque inpits,

The transfer function of compensator &5 is selcoted to
control clutch engagement vin cluich actusior 27 to
damp oscillations is the driveline, In the typical heavy
truck 10 which this invention is epplicable, the toryional
complinnte of the driveline canses the driveline transfer
function to have 2 pair of lightly damped poles thet may
range from 2 to 5 Ha, The exact value depends upon the
vehitie characteristics. The trapsfer function of com-
pensator 65 provides a notch filter in the reglon of these
potes. The frequeney band of the nowch is snfficiently
brogd to cover the taage of sxpected vehicle frequency
responses. This notch Rlter preferably includes two
complex zeros whose frequency i b the froquency
range of the expected poles in the vehicle transfer func-
tion. ‘Thus the total response of the closed loop system
has highly damped eigen values providing s less oscilla-
tory system.

Compensator 65 also includes an integral function. A
pole/zero pair near zero preferably provides this inte-
aral fupction This type transfer function is known s
fag compensation. Provision of this integral function
within compensator 65 serves 1o ensure gintch lockup
when opersting in the launch mods. The mtegration
rate of compensator §% can be adjusted by earrespond-
ing integration coefficients. ‘The existenes of any long
térm diffarepcr between the speed refcrenes signal se-
locted by mode select switch 63 and the traxsmabsion
input speed ceusc the integral Amction of compenator
€5 to generate an increasing signal, Any such increasing
signal serves to drive the clutch engagemcnt sigmal
tooward full chiich engagement. This ensures that clutch
2 is fully engaged wi polnt 161 at some predetermined
maximum thne following start up of the vehizls when in
the Taunch mode. In the creep mode, this integrad fonc-
tion of compensator 65 ensures that thers is no long
term evror betwasn the creep speed reference sigoal and
the wansmission input speed.

The transfer fanctibn of the compengator 6F prefera-
bly follows the form:

) 2 4 by
Q) -k ﬁx-&-dﬂ:-i-rf

e
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where: k is the compensator gain coustant: 4, b, ¢, d and
& N consuants. The term

Leoted

I

implementy the lag function, The constant » iy povitlve
and nesr zero. The term

ST

implements the noteh fiter, The roots of (7 +bi—+c?)
provide the complex seror of the destred poteh filter,
The constants d wnd e are pogitive pumbers thal are
sufficiently large to not interfere with the closed loop
stability. Equstion €1) iy in the form of a continnous time
tgansfer function. In the preferred embodiment & mi-
crocontrofler implements compensator 65 in disorete
difference egquations. Thoss skilled in the are wounld
nnderstand how 1o convert this continuous time transfer
function o appropriate discrete diffecencs equations.

A fesdforward dgna it provided in the clutch en-
Fegenent sgnal via an engine speed differential signal
The engine speed signal is suitably filiered via low pass
filter 66 to reduce noise i the dilfersntial signal. Diffar-
entintor 67 forms & differentisl signal proportional 1o the
rate of change in the engine speed, This engine spoed
. differential signal and its integm] formed by istegrator
68 are supplied to algehraic summer 6. Algebraic sum-
mhiér 64 sums the engine speed differental signal from
differentistor 67 and the integral signal from integratar
&8 with the other signals praviously described (0 form
the ftput to compensstor &4,

the feedforwerd signal pertnits better response of
cluneh actuaton cantroller 60 when the engine spaed is
accclernting, Under conditlons of engine spead acceler-
ation the feedforward signal canses rapid cngugement of
cluich 20 proportional to the rate of engihic accrlera-
tie, The engine speed can increass rapidly nuder full
throtle conditions bafore the driveline torque is esteb-
lished, This is becauss the speed of response of cluich
sctuation controller &0 withoot ds feedforward re-
sponse is low compared with the peak engine speed of
responsg, With this feedforward response tapid engine
acceleration msuits in more rapld than othenwise éutch
engagement. The wdditional eluteh engagemant 1ends to
restrain increase in enging spted by reguiring additional
torque from. the engine. When the mugine spesd reaches
a constant value, the differential torm decuys to rero
and integrator 68 retsing the clutch engrgement needed
to restrain engine speed, Other portions of the control
function then serve 1o provige asymptotic convergence
of the trensmission input speed to the reference spesd.

As noted abeve, the elements of FIG. § are preferably
implemented vis discrete difference squations in a mi-
crocontroller. The present invention can be advanta-
geously employed for clutch resngageaent following
shiftg of the tranamission. In this cvent the same control
processes illustrated in FEG, 8 would be smployed,
including the discrate difference equations for compen-
sator 65, The control processcs for transmismon shifs
would differ from the preceding description in selection
of cocfficients in the discree difference equations em-
bodying clutch actuation contraller 0. CoefTicients for
the discrate difference aquations for each selected gear
ratp are stared in coeffivient memory 68 within the
mictocontrailer embodying cluteh actuation controtier
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60. A particular set of these coefficients would be -
called from coefficient memory 69 depending npon the
currently mpgaged gear ratio. Thess coefficients are
employed in the discrete difference equations forming
compenyator &5. In other respecis the invention would
operute the same as deseribed above,

The result of thir construction is control of chutch
setation to minimie owdliationy in the vehicle drive.
lim=, The higher frequency components of chuteh aoioe-
tion pontroller 80 controls cluteh 20 via clutch actuator
Z? to damp oscillations in the velticls driveline. The
integral component of clutck actution controller &0
myinimives long term error and ensures fill clutch en-
gagemeant when opersting in the lunch mode,

1 clinim:

1. In 3 combination including x source of rotary mo-
tive power, n transmisgion, & friction clutch for welec-
tvely coupling the soures of mtary motive power with
the transmission and baving an input shaft compected to
the source of motive pewer and an output shafl con-
nected to the tansmission, and «f Jexst one inertinly-
loadad traction whenl connected via the transmission to
the output shaft of the friction chuch kaving = tortional
complinnce exhibiting an oscillatory responss o torque
inpats, an astomatic controlier for the [riction clwich
comprising:

s engine speed sensor coonected to the source of
motive pewer for generating ko engine speed signal
carresponding to rotational speed of the gource of
motive power,

a reference speed penerator connected to said engine
speed sensor for generating & reference speed sig-
nal;

a2 trapsmission input speed sensor connected to the
cutput shaft of the friction clutch for generating a
transnission inpat spesd signal corresponding to
rotational speed of the cutput shaft of the fricton
clutch;

a cluteh actuntor connected to the friction cleteh for
controlling engagement of the friction clutch from
dizengrged to fully engaged sccovding to n elutch
engagenent signal; and

a controller connected to said reference speed geoer-
ator, seid fransmission input speed sensor, and said
elutch actuator mcluding
an Algebraic surmmer connected to said referance

speed generztor and said tramsmission input
specd sensor forming an algebraic sum sigeal
correspoending to the difference between (1) said
reference speed signal and {2} said transrission
input speed signal, snd ‘

L compensator connected to eaid algsbraic summer
for generating & clutch engagement signal from
wmict algcbraic sum signal for supply to aaid
clutch sctustor for engaging the friction chitch
in a manner cavsing said transmission input speed
signal to wsymptatically approach said reference
speed signal.

2. Theautomatic clutch controkler #5 clsimed in claim

1, wherein:

said pompensator has a tramsfer function having a
noich filier with a frequency band in the range of
the expected frequency of the oscillatory response
to torque inputs of the at least one inertially-loaded
traction whesl, said compensator thereby reducing
the aseillatory respanst to torgue inpats of the at
Jeast one imertially-Joaded traction wheel,




11
3. The sutomatic clutch controller as claimed in claim
1, wherein:

said reference spesd generator is connectad to said
engine speed sensor and generates mid reference
sperd signal proportional o sald engine spead sig-
nal; end

said controller wherein
said compensator includes an integral function for

groaratimg Eald chtch engwgement signal for
fully engeging the friction clutch within a prede-
termined interval of time after initial partisl en-
pageroent.

4. The automatic clutch contraller as claimed in claim

1, whersin:

maid controller further inclndes

a differentistor connected to said enpgine spesd
sensor for generating & difereatial sipaal corre-
aponding w0 the mte of chenge of ssid engioe
spesd gignal, and

said dlgebraic summer {5 further connacted to said
differentiator for generatmg gaid algebraic sum
signal corresponding to the sum of (1) the differ-
ence between eaid reference spesd sigmal and
said transmission input speed signal, (2) said dif-
ferential sigoal,

§. The automatic cloteh controiler as clajmed in elaim

4, wherein:

said controller further includes
A low pass filter disposed between said engine

speed sensor and said differentintor,

6. The agtomatic clutch controller as claimed {o clam

&, wherein

said controller further includes

&n integraror connected to said difTerentistor for
forming an Integral signal corvesponding 1o the
time integral of satd differential signal, and

said algebraic stunmer is further connected to saict
iniegratar and generates said alpebraic sum sig-
nal corresponding to the sum of (1) the differ-
ehce between safd refersnce spesd gigpal and
said transmission mpwt speed slgnal, (2) said dif-
ferential signal and (3) zaid intepral signal,

7. The automatic clutch controller ax claimed in claim

1, wherein the combinztion further includes a throtile
for control of torque generated by the source of tofive
power, said automatic cluteh controller further com-
prising:

4 throttle sensor comnacted 1o the throtte for generat-
ing & throttie signel indicstive of throttle positon;
and

taid reference speed generator being connected Lo
said angitie spaed sensor and said throtle sensor for
generating said reference speed signal correspond-
ing to eald cngine speed signal and said throte
ignal,

8 The automatic clutch controller as claimed in claim

7. whersin:

said teference speed gentrator generates said refer-

ence spesd signad as foliows

i
St = E-V’_"[:f"

where: 8ris the reference speed signal; Eyy is said en-
gine speed signal; T is said throtte signal; and Tryis a
throtile reference constant agual to the throttie signe!
for a predetarmined throttle position.
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#, The actomatic clutch controllar as clabmed ip claim
1, the combination forther including a throttis for con-
trol of torqoe gensrated by the source of molive powet,

sald automatic clutch controflpr further comprising:
% nthrotnle sensor connected to the throttle for genecat-
ing & thrattle signal indicative of throttle position;

and

waid reference speed gensrator being further con-
teeted to gaid theottle and inclnding
10 # laupch/creep selector conoectsd to waid throttie
sensor for salecting aither a lannch mode or &
crecp medle based wpon the magaitude of aid
throttle signzl,
a oreep sposd refersnos penerator connected to
15 #aid engine spocd semsor and waid thrattle sensor
for generating a cresp speed mforemce Signal
corresponding 1o said engine speed wignal and
gzid throttle rignal, snd
& mode selection switch connectad 1o sajd sgine
© spesd sennor, sald launch/ereep eelector and taid
crerp speed reference cirguit for selectively gen-
erating & reference spesd signal corresponding 1o
(1) zaid engine speed slgnal If zald launch mode is
selected and (2) maid creep speed reference signal
if said creep mode is selected.
10, The aurometic elutch controller as claimed in
claim 9, wherein;
said launch/creep selector sslacta éaid launch mode if
gaid throttle sfgnal Indicates & throttfe position of
greater than a predetermined throttte position and
otherwise seleits said creep made.
11. The mitomatic clutch controller as claimmed in
claim 10, wherein:
o said reference spesd genergtor wherein
sald lavneh/crasp selector s 259 of full throttle,
12, The autotpatic clutch controller as claimed in
claim 9, wherein:
said creep speed reference geosralor generales said
40 creep speed reference signal a9 follows

25

n

Eﬂp"ﬂw“}g}'

45 where: Sqpis the creep reference speed signal; Egis said
engine speed signal; T is said throtile cignal; end Tyyris
a throitle raferenca constant equal to the throttls signal
for said predstermined throttle positan

13, The automatic clutch controfler as claimed in
sp claim 1, wherein:
said compensator generates sald clotch engagement
signal indicative of desired clutch position; and
sald clutch aotvator controls the position of the fric-
tion clutch corresponding to the desired cluich

55 potition mwdieated by said clatch cogagement sig-

nal,

4. The automatic clutch controller as claimed in

claim: 1, wherein;
said compensator gensrates said clutch engagement
60 signal indicattve of desired clutch pressurs; aond

said elutch actuator controls the pressure of the fric-
top clutch corresponding to the desoed cluich
pressure indicated by maid cluweh engagement sig-
nal,

63 15 In a eombination including & source of rotary
mative power, & th.mtl.!e: for control of torque generated
by the source of mutive power, a transmission, s friction
cluteh for selectively conpling the source of rotary
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