


The first Northstar application was for transverse instalfation in the front-

wheel-drive 1993 Cadillac Allante.

two-seat retractable hardtop convertible XLR as well as the SRX
crossover vehicle, which will be offered in all- and rear-wheel-
drive versions.

The engine—most recently updated in 2000—adds many first-
for-Northstar feaitures. Variable valve timing (VVT) and electronic
throttle control are highlights of the engine, which features alu-
minum block and cylinder heads and a valvetrain configuration
with reller finger followers. The Northstar's new four-cam VVT,
which improves performance, fuel economy, and emissions, al-
lows intake and exhaust valves to operate independently. “Intake
can be advanced up to 40 crank degrees, and exhaust can be re-
tarded up to 50 crank degrees,” said Sheryl Balsley, Senior Project
Engineer, Cam Drive/Valvetrain for Premium V Engines.

Cylinder head ports and exhaust manifolds were redesigned
for optimum airflow and cylinder-to-cylinder distribution for
maximum performance and emissions control. The engine uses
a patented, Northstar-first camshaft cap design. “The 16 T-slot
cam caps provide precise metering of oil to the cam lobes,”
said Zinser, noting the T-slot pathway is formed using a pow-
der metal process.
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" The first longitudinal mstaﬁat:ons for the new Noithstar powertram will be'in’
the 2004 Cadillac XLR (top) and SRX (SRX engine shown).. ’ )

Lubrication of the next-generation engine man-

- dated an additional passage—located in the lower
crankcase—to connect an oil-feed tube mounted on
the front face of the block. The tube feeds oil into’
two drilled passages in the upper block. “The addi-
tional oil passage was required for the variable
valve-titning system,” said Zinser.

The front-wheel-drive Northstar’s water pumip
is relocated. “For packaging and cooling efficiency,
we put the water pump fo the front of the engme, ‘
and it's now driven by the accessory drive belt,” said .
Zinser, noting the front-wheel-drive engine’s water
pump uses a camshaft-driven belt.

The engine has two new dual-belt torsional damp-
ers to drive the two alternate configurations of vehicle
accessory drives. Hach damper has one pulley iner-
nal to the hub, and the other is driven through the
bonded elastomer inertia ring. Two riew ﬂywhee
were designed for rear-wheel-drive apphcaﬁqr_ls- On
the XLR, a dual flex plate with inertia ring is used to
reduce crankshaft oscillations at low engine speed

Close-coupled catalytic converters are mounted ad]acent to
the exhaust manifolds to meet emissions requiréments.
the preceding front-wheel-drive Northstar has exhaust
circulation (EGR) and air injection reaction (AIR) systéms, the

next-generation engine does not “because of what we ¢an d

with the close-coupled catalytic converters and the cam

phasers,” said Zinser. ‘

Anew air induction system improves airflow and sound qual-
ity. The system features tuned resonators, additional resonators :
in the-clean air duct, as well as isolator pads in the dean-ai
mounting. Various material or design changes—includirig ah
acoustic engine cover—were made to reduce noise and ;
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Polymer-coated pistons supplied by Federal Mogul Corp. help
reduce noise radiation. “We can it the pistons Hghter to the bores,
which reduces noise transmission,” said Jim Cremonesi, Project
Design Engineet, Rotating Cranktrain for Premium V Engines. A
forged-steel crankcase, replacing a nodular iror unit, provides
“about a 20% stiffness increase, which means on average about a
1-dBA reduction across the rpm range,” said Cremonesi.

The new engine also has a more rigid block. “We added
structure—primarily relating to ribbing—to the rear face of the
block to handle the bending modes that you get with a longi-
tudinal-mounted engine and fransmission combination,” said
Will Wistehuff, Senior Project Engineer, Cylinder Block for Pre-
mium V Engines. The block assembly and engine components
were designed in three-dimension using EDS Unigraphics soft-
ware. Finite-element and computational-fluid-dynarhnics analy-
ses were used to predict coolant flow and heat transfer as well
as enable precise construction of foundry tooling.

. Mahc 5L50 E automatic trans-

One of the more challenging
tasks was designing an ofl pan
for the low-ground-clearance
XLR roadster. “Because of the
shallow pan, you need to keep
the oil from aerating, which
would create foaming,” said
Zinser. The resulting oil pan uses
specially designed drainbacks
and baffles. “That was about a
nine-month (for final design)
process,” said Zinser, referencing
the development of a lubricant
system to deliver oil during the
varied engine operating condi-.
tions of a high-performance car.

Mating to the next-genera-
tion Northstar is a new Hydra-

Chief Engineer fohn Zinser
says that just about every
companent is new” in the
next-generation Northstar
engine for all- and rear-
wheel-drive applications.

mod1f1ed version of

“Matic 5L40-E used in the Cadillac CTS. “We fititin
the same size case as the 5L40-E transmission,” said Rich
Mardeusz, GM Powertrain Hydra-Matic 5L50-E Assistant Chief
Engineer. Although contained in the same package size as the
5L40-K, the 5L50-E was designed to handle a minimum 25%
increase in power and torque.

The 5L50-E marks the first use of a dual-plate torque converter.
Italso employs a redesigned second clutch pack. Gearset changes
include new geometries, alterations to gear shapes and sizes, in-
ternal case dimensional modifications, and valve body differences.
The new tfansrhission integrates driver shift control, performance

. algorithin “liftfoot,” and performance algorithm shifting.

Driver shift control permits the driver to switch from auto-
miatic to clutchless five-speed manual operation by moving the

. gearshift lever into a tap up/tap down mode for upshifts or down-

shifts. Performance algorithm Liftfoot prevents upshifts—while
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maintaining engine braking—following the initiation of continu-
ous performance driving periods. Petformance algorithm shift-
ing modifies automatic gear selection during high- lateral—accel—
eration maneuvers.

The XLR enginre will mate to a torque-tube bell housmg rather
- than directly to the transmission. A transmission case extension
to the rear differential uses a dual-seal arrangement to separate
transmission fluid from rear differential fluid. With the trans-
mission in the rear, the XLR achieves close to a 50/50 weight
distribution. The SRX engine will mount to the transmission in
a conventional manner. The driveline on the SRX consists of a
transfer cage, front and rear differential, front and rear propshafts,
and four hali-shafts. Design of the 51.50-E entailed the first use
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Next -generation rear-wheel-drive Northstar engine details: exhaust—
side cylinder head: block assembly; exhaust and intake cam phasers;
and top front of (XLR) oil pan. -

of a virtual transmission software program developed by GM
that allows engineers to analyze shift metrics based on various
clutch sizes and capacities.

The next-generation Northstar will be produced at GM’s en-
gine plant in Livonia, MT, which employs new engine assembly
and cylinder head subassembly lines as well as upgraded ma-
chining opetations. The new transmission will be produced in
Strasbourg, France. Transmissions are hand-assembled in a clean
room, with components delivered through shdmg Plemglass
windows without handlers entering the area. aei
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Several technologies are being devel-
oped to help reduce the fuel consump-
tion of gasoliné engines, perhaps none
more talked about in recent years than
oylinder deactivation. But Chrysler
Group engineers purposely kept quiet
abourt their plans to introduce the
technology until it was dlose fo produe-
tion-—the reason being that action
speaks louder than words, said Burke
Brown, Chief Engineer of the Chrysler
300 and Dodge Magnuim vehicles.

The automaker’s Multi-Displacement
System (MDS) is stanidard equipment
on the new Hemi-powered 2005 300C
and Magnum RT. According 16 the
Chrysler Group, these are the first.
“madern, high-valume” production -
vehicdles in North America to feature
fully functioning cylinder deactivation.

“The MDS seamlessly alternates
between high-fuel—economy four-
cylinder mode when less power is
needed, and V8 made when more
power from the 5.7-L Hemi engine is in
demand,” said Eric Ridenour, Executive
Vice President of Product Develop-
ment, Chrysler Group. “This [transi-

tion] optimizes fuel economy.. . without
sacrificing vehidle performance.”

The system deactivates eight of the
valve lifters—supplied by INA—stopping

the engine design

The 5.7-L Hemi V8 en
Multi-Displacement System;, allowing the technology o b

b
gine was originally designed to accommodate the
e integrated into

with few medifications.

—— R

Cylinder deactivation for the Hemi

combustion and loss of energy due to
pumping air through these ovlinders, The
transition from eight to four cylindars is
said to take just 40.ms. Sorne of the
significant technologies enabling the
MDs, according to Chrysler, are the

sophistication of the algortithms control- ~

ling the system and the use of Electronic
Throtte Control.

Fuel economy gains are estimated at up ' ]

to 20% under certain driving conditions,
with a projected 10% aggregate improve-
ment. “The MDS has a very simpie design
that allows an engine with 390 [bsft of
torque [at 4000 rpm] and 340 hp [at 5000
rpm], but with the fuel economy of a large
V6 or smaller V8 engine,” said Brown.
Any time the vehicle is Cruising on level
ground from about 18 10 80 mph (2910
130 km/h), the engine wil likely be in four-
cylinder mode, according to Brown. “We
thought about putting a telitalé on the
instrument panel to let the driver know
[when gylinder deactivation is occurring],
but it works so often that it would be a
flashing tight,” said Brown, The frequent
transitioning is Worthwhile, he added,-
because “if you put & lot of hysteresis in
the system so it didn‘t kick in untit held at
a steady throttle for awhile, then some of
fts benefit is Jost.” '

“We planned it all along,” said Brown,
hoting that the Herni was otiginally
designed to accommodate MDS. *Because
we started with a clean sheet, we were
able to design the best system without
constraints of an existing design or
manufaciuring process.” This approach
resulted in a cylinder-deactivation system
that is completely integrated into the
engine design with fewer parts, he added.

The modifications necessary to convert
the engine are replacing eight of the valve
lifters with deactivating lifters; adding four
solenoids—supplied by Saturn Flectron-
ics from its manutacturing plant in
Coopersville, Ml—into the engine block
and connecting them with a wiring”
harness; and replacing the camshafi.

As a result of the integration, the base
and MDS engines have the same perfor-
rance characteristics, except for fuel
€conomy. And easy assembly of those few

tech briefs

“additional components reduces engine
“plant complexity; both engines are buift
simultaneously on the same line.
Cylinder deactivation is being intro-
duced on the passenger cars first, said
Brown, because that is where the biggest
opportunity fs in terms of fuekeconomy

“We're here in the U.S. to sfart selling to
American customers with components
built in Mesico or the U.S.,” said Efvin
Jahic, Senior Project Manager for the -~
Automotive Division of Grammer _
Industries, Inc,, from the company’s first
i+ U.S. application engineefing and sales
office in Troy, M. The first application of
-an active headrest system for the U.S.
market is likely to be in MY2006.
Grammer’s active headrest system—-
comprising two coil springs, a plastic
headrest housing unit, electro-magnetic
activated plate, and wiring—was done in
Europe, but any necessary application-
specific work will be done in Michigan.
“Development of this product was
done without an order from a customer, ”
said Jahic. "Everything is built within the
headrest. The two coil springs push the
headrest forward once there’s & signal
from the vehicle’s control unit, and with
this design we're not so dependent on the
seatback frame.” - - :
Grammer AG-Automotive is now
supplying an electronically triggered,
pyrotechnically actuated head restraint
systern to BMW in Europe for 7-Series
and 5-Series vehicles sold in the U.S.
and Europe with the optional comfort
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Active headrests for

fons the Hemi
eight to four
just 40 ms,

gainis while maiitaining performance. “if
"you putt i ehicle, it’s still going
to work viell;* 1when asked of the
possibility of adding the MDS-equipped .
Hemi to the Dodgé Raim picklip and
Durangc sport utility vehicle,

‘Rvan Gehin

integrates into the seat’ ppet rest. If a
critical force js reachéd, the electronjc
system lriggers the head restraint -
mechanism at a definéd point actuating a
piston to move the Headrest and reduce the

-head-to-headrest space:

seat package. The pyrotechnic mecha-
nism, having a mass of 0.65 kg (1.4 |b),
is integrated into the Upper section of
the seat frame. Grammer’s active
headrest system has a mass of approxi-
mately300 g (10.6 oz} less and requires
No extra parts in the seat frame.

) Kami Buchholz




