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Background of Diesel Particulate Control

New vehicle emission standards for diesel particulate
exhaust emissions (see Table 1) which necessitate the use of
more stringent control strategies for diesel-powered vehicles
have generated considerable interest in the development of
diesel particulate filtering and regenerating devices. Studies
of various systems by a number of diesel vehicle manufacturers
and related companies have been reported in the literature and
a number of test programs have been performed by EPA and MVEL.

Diesel engines are generally more efficient than similarly
sized gasoline-fueled engines. This phenomenon is particularly
prevalent when the price of crude oil 1is high. Currently,
gasoline prices in the United States are relatively low and not
much more expensive than diesel fuel. This has accounted for
much of the sluggish light-duty diesel sales currently seen in
the United States market. Gasoline prices are, however,
unlikely to stay as 1low 1in the future as more small oil
companies are forced out of the market and foreign sources cut
back on production. Trends in diesel emission standards,
ambient air concentrations, and diesel sales are 1listed 1in
Table 2.

The decrease 1in sales of diesel vehicles 1is not as
prevalent 1in Europe, particularly 1in West Germany, where
gasoline prices have remained much higher relative to diesel
fuel prices and where diesels have always been a large part of
the light-duty passenger car market.

North American delivery trucks and other medium-duty
trucks continue to be, as they have been in the past, largely
comprised of diesel-powered vehicles and have seemingly been
unaffected by changes in fuel prices.

Heavy-duty vehicles have always been dominated by
diesel-fueled engines and will probably continue to be in the
future due to the better fuel economy, durability and torque
characteristics of these larger sized diesel engines compared
to similarly sized gasoline-powered truck engines.

Diesel emissions of primary concern are particulates which
are emitted 1in very small (most 1less than 1.0 micron 1in
diameter) soot particles and are therefore inhalable. These
inhalable particulates are widely believed to be human
carcinogens. Animal studies have shown them to deteriorate
pulmonary functions and cause tumors. Exhaust particulate 1is
comprised of carbonaceous organics, sulfates, and lead. The
hydrocarbon compounds in diesel fuel exhaust generally cause
the characteristic unpleasant odor experienced by motorists who
have had the opportunity to drive behind 'a diesel-powered
vehicle. Also, the 1inverse relationship between particulate
and NOx emissions makes simultaneous control of both pollutants
difficult. Noble metal catalysts, which are used to lower the
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Table 1

EPA Promulgated Diesel
Particulate Emission Standards

Model Year Passenger Cars Light Trucks Heavy Engines
Pre-1982 NC NC NC
1982-86 0.60 g/mile 0.60 g/mile NC
1987 0.20 g/mile(A] 0.26 g/mile(B] NC
1988-90 0.20 g/mile 0.26 g/mile 0.60 g/BHP-hr
1991-93 0.20 g/mile 0.26 g/mile 0.25 g/BHP-hr(C]
1994+ 0.20 g/mile 0.26 g/mile 0.10 g/BHP-hr{D]

No controls.

Emission averaging may be used to meet this standard.

Emissions averaging may be wused to meet this standard

provided that trucks produced for sale in California or

designated high-altitude areas may be averaged only within
each of those areas.

C = Emissions averaging may be used to meet this standard, but
these emissions may not be averaged with HD gasoline
emissions. Averaging is restricted to within useful life
subclasses. Also, averaging is restricted regionally--the
two regions are California and the other 49 states. For
urban bus engines, the standard is 0.10
g/BHP-hr--particulate averaging is not allowed with this
standard, but emissions from these engines may be used in
NOx averaging.

D = Emissions averaging may be used to meet this standard.

However, averaging 1is restricted to within useful 1life

subclasses. Also, averaging is restricted regionally--the

two regions are California and the other 49 states.

Emissions from engines used in urban buses may not be

included in the averaging program.

W >
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TABLE Z

DIESEL PARTICULATE EMISSION STANDARDS, EXPOSURE ESTIMATES, AND DIESEL SALES TRENDS

U.S. ENVIRONMENTAL PROTECTION AGENCY

DIESEL PARTICULATE STANDARDS

Light-Duty Vehicles
Standard (gram/mile)

Year Cars Trucks

1981 and prior
1982-1986
1987 and later

060
‘0.20°

060
0.26"

Heavy-Duty Vehicles

Approximate Fleet
Year Standard Average

(gram/brake - (gram/mile)
horsepower-hour)

1987 and prior - —

1988-1990 060 1.42
1991-1993 0.25"

0.10" 055
1994 and later 0.10 0.23

* Emissions averaging may be used to meet
this standard. For trucks and heavy-duty vehi-
cles, some restriclions apply.

" For urban bus engines, the standard is 0.10
g/Bhp-hr beginning in 1991. Particulate averag-
ing is not allowed with this standard.

PRELIMINARY DIESEL PARTICULATE

EXPOSURE ESTIMATES IN URBAN AREAS

Annual Personal

Year Exposure (ug/m3)
1986 28
1995 Low Sales 10
1995 High Sales 14

CURRENT AND PROJECTED

DIESEL SALES
Light-Duty Vehicles Light-Duty Trucks
Percent of Percent of

Year Sales Year Sales
1986 09 1986 26
1995 1995

Low 09 Low 26

Medium 50 Medium 150

High 1s High 339

Heavy-Duty Vehicles®
Percent of Sales

Year 2B 3-5 6 7-8
*1986 190 247 540 868
1995 300 300 7.2 883
* 2B = 8500 to 10,000 Ibs.

35 = 10001 to 19,500 Ibs.

6 = 19,501 to 26000 Ibs.

7-8 = 26,001 Ibs. and up.



—4-

soot ignition temperature and oxidize HC and CO emissions in
some diesel particulate control devices, have the adverse
characteristic of increasing sulfate emissions. Base metal
catalysts generally don't create large amounts of sulfates from
diesel vehicles, but unfortunately, don't oxidize many HC or CO
emissions either. The characteristics of diesel particulate
emissions, aside from their concentrations, are similar for all
types of diesel vehicles.

Most EPA diesel trap testing done to date has involved
evaluation of a variety of non-conductive ceramic wall-flow
type diesel particulate filters for 1light-duty application
provided by NGK, Matsushita, Mercedes-Benz (Corning) and
Babcock & Wilcox on a bench fixture close-coupled to the
exhaust pipe of a 1975 Mercedes 300D. These tests have shown
some degree of success with trapping efficiencies ranging from
roughly 60 to 90 percent and regeneration times as low as 10
minutes or so. Catalyzed and uncatalyzed filters have been
evaluated with face-mounted and/or axial heaters with 800-1000
W power applied to initiate soot combustion. Various problems
have been encountered 1in performing these evaluations,
particularly, heater wire short-circuiting and poor flame
propagation, which together reduce regeneration efficiency
significantly. With most diesel particulate control systems
developed to date, soot collection is not a problem. Efficient
and complete regeneration with no deterioration of diesel
control system durability, however, is a significantly more
difficult task. In most wallflow filters, hot spots usually
develop at the center of the outlet end of the filter. Other
problems develop from nonuniform loading and/or electrical

heating of these systems. Design considerations when
developing a feasible diesel particulate regeneration system
include: filter porosity, filter surface area, system costs,

durability, adaptability to regeneration (self-cleaning)
techniques, impact on engine (performance, fuel economy, engine
durability), and space requirements.

As a result of these test programs, we became interested
in fiber and foam-type ceramic filters which have been shown in
the literature to be more conductive and ignitable than the
wall-flow types. In addition, we became interested in ceramics
which offer the ability to be resistively heated uniformly,
i.e., potentially eliminating the propagation problem and
shortening regeneration time.

Though various types of resistively heated ceramic foam
filters are currently being developed, most of EPA's evaluation
has involved the Coloroll (formerly Fogarty) filters since they
have been developed 1into an onboard vehicle regenerable
particulate filtering device (RPFD) complete with diesel
particulate filters, power supply and container. Only machined
ceramic materials have been received from other suppliers. The
following discussion, therefore, describes EPA evaluation of
the Coloroll RPFD.



Test Vehicle and Fuel

The test vehicle being used for diesel trap evaluations is
a 1975 Mercedes-Benz 300D Sedan (Vehicle Identification No.
011511412019885). This vehicle is equipped with a mechanically
fuel 1injected, naturally aspirated, 183 cubic inch, in-line
S~cylinder diesel engine. Vehicle 1inertia weight 1is 4,000
l1bs. The vehicle 1is fueled with No. 2 diesel fuel from
Phillips 0il Co., Bartlesville, OK. Vehicle exhaust flow
ranges from about 16-20 cfm at idle to about 50 cfm at 60 mph.
Exhaust gas temperatures range from about 275°F at idle to
about 725°F at 60 mph at the inlet of the test device. Exhaust
gas temperatures are denerally 50°F to 100°F higher at the
exhaust manifold outlet.

RPFD Description and Bench Evaluation

A diagram of the Coloroll regenerable diesel particulate
filtering device is shown in Fiqure 1. Three hollow
cylindrical silicon-carbide filter elements are spring loaded
(at 20-25 Kkg) between two stainless steel electrical 1leads.
This assembly is sandwiched between two solid ceramic insulator
rings which are attached to two metal plates 1inside of a

10-inch diameter cylindrical can. Exhaust flows into the can
around the front end plate and radially inward through the
filters. Diesel soot accumulates mainly on the outside of the

filters and is burned off during regeneration when voltage is
applied through the electrical leads. The remainder of the
exhaust products flow through the filter walls and escape at
the open outlet end of the hollow filters. These filters were
uncatalyzed, but were flame-sprayed on the ends with metal
alloys to improve <ceramic to metal interface electrical
contacts and resist oxidation at high temperatures. Some
properties of these porous filters are listed below:

Power Density 10-1600 W/cm’®
Normal Range 10-300 W/cm’®
Power Dissipation 0.01-0.75 W/cm?
Response Time milliseconds
Heat Up Time 20-30 seconds (@ 800 watts/filter)
Heat Transfer:
Surface/Volume 400-750 cm?/cm’
Operating Temperature Up to 1000°C
Material Density 0.1-0.5 gm/cm’®

The original test plan for the Coloroll particulate trap
initially involved a backpressure determination to define a
"clean" trap value (in inches H.0), prior to loading the trap
with soot. It was decided that the trap would be loaded at 40
mph steady state to no dgreater than three times the initial
backpressure at first to condition the filters and determine
characteristic load-up time. New filters usually exhibited an



FIGURE]L: DIAGRAM OF THREE FILTGR METALLIZED RES\STIVELY
HEATED Si-C DIESEL TRAP SYSTEM
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initial backpressure of about 10-20 in. H,O and roughly 30-40
in. H,O after a few regenerations. Filters have been 1loaded
to greater than 200 in. H.0 (5-7 grams soot) in under 20
miles (less than 2 LA-4s) with no reported driveablity problems
on the Mercedes 300D test vehicle.

The Coloroll particulate regeneration system was tested
both in a bench fixture and onboard the Mercedes test vehicle.
The bench fixture consists of an insulated plywood box with a
hinged top and a hole at either end for inlet and exhaust
pipes. A plan view of the bench fixture is shown in Figure 2.
The bench fixture was used to place the trap and measurement
instruments in close proximity to the technician and engineer

during regenerations. For onboard testing, the vehicle was
equipped with a rack along the passenger side on which the
particulate trap was placed. The vehicle exhaust system was

insulated and rerouted to couple with the side-mounted trap
system. With this setup, the trap was located about three feet
downstream of the exhaust manifold.

With both bench and onboard configurations, continuous

measurements of several parameters were made during
regeneration. An MGA-90 Sun Analyzer allowed instantaneous
measurement of percent oxygen, percent CO, percent CO, and
ppm HC emissions. Continuous values were recorded on an

Esterline strip chart recorder. The power supplied to the RPFD
was monitored by two Fluke 8600A multimeters, one monitoring
volts and the other monitoring amps. Since the amount of power
supplied to the regeneration system is critical, these meters
were monitored throughout each test sequence and were checked
frequently for precision with hand-held Fluke meters.
Backpressure was measured before and after each regeneration to
determine the effectiveness of the regeneration procedure and
the completeness of the burn.

The Coloroll power controller consists of a thyristor
controller, a three terminal temperature controller with a
K-type thermocouple for sensing outlet gas temperature, and a 5
KVA transformer for voltage output of either 25V or 50V, all
contained in a 26" x 18" x 18" power supply box.

The power controller is a single-phase unit capable of
being operated at 220/240 volts (a.c.), and frequencies of 50
or 60 Hz. The primary voltage is fed to the transformer via a
25 amp thyristor. The thyristor 1is fitted with a current
limiter and this controls the power (or current) applied to the
heater. The current limit is controlled by a dial indicator on
the front of the power supply box. The temperature controller
controls the temperature on the ocutlet of the Coloroll diesel
filter assembly to the set temperature on the dial indicator.
Opposite the thyristor inside the power supply box are two 2.5
KVA transformers. Power can be obtained in one of two modes:



FIGURE 2. PLAN VIS CF DIESEL PARTICULATE TRAP BENCH TEST FIXTURE
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5 KVA (connected in series):; or
5 KVA (connected in parallel).

1. 50 volts @ 100 A
2. "25 volts @ 200 A

nou

Through all testing, power was obtained with the
transformer in mode 2. The unit 1is fitted with an external
isolation plug as a safety shutoff device.

Prior to operation, the dial indicator and the temperature
controller are set to zero and the isolation plug 1is pulled
out. To obtain digital readout of outlet temperature, the
thermocouple from the heater outlet 1is plugged into the rear of
the power supply box. The temperature controller is then set
to the desired temperature (900°C for maximum power). Plugging
in the 1solation plug will then 1light up the temperature
readout.

The heater can then be switched on. The dial indicator is
turned up to the desired current as indicated on the ammeter.
The Coloroll RPFD is designed to take about a maximum of 100A
(at 25V, a maximum power input of 2.5KW). At the completion of
a test, the dial 1is turned back to zero. Air supply to the
Coloroll RPFD, if any, is then shut off, the isolation plug is
unplugged, trap backpressure is checked, and the heater is
allowed to cool to room temperature.

Periodic filter resistance checks were made. The
electrical resistance across each filter is typically 0.5-0.6
ohms. Filter deterioration and/or failure is usually

characterized by a drastic change in electrical resistance. A
low reading (e.g., 0.1 ohm) usually indicates filter element

failure due to cracking, chipping, or other filter
deterioration which contributes to current short circuiting or
channeling. A high resistance (e.g., 5 ohms) indicates bad

electrical contacts in the form of flame spray deterioration,
element pitting, or power supply wire terminal failure.
Generally, the thyristor fuse 1is checked in the event of
element failure. Maximum power supplied to the heater was
determined by the material supplier to be 2.5 kW (833 watts per
filter) though it was found later to operate quite efficiently
at much lower power settings.

Originally, the RPFD supplier requested that at least 1 or
2 CFM air or exhaust flow be added throughout regeneration.
Eventually, through experimental observation, it was found that
no flow during the first minute of regeneration was preferred
while the filters were heating up to a stabilized temperature.

Periodic Reqeneration'Ogtimization

Initial tests were conducted to determine how efficiently
these filters could be regenerated. Though the filters loaded
up quickly, it was observed that they could 1load up to
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backpressures in excess of 200 1inches of H,0 (7.2 psi)
measured at 60 MPH (steady-state loading performed at 40 MPH)
without any noticeable deterioration in vehicle driveability.
In the interest of preserving the integrity of the filters, low
power settings were used initially during regeneration and
small amounts of air were injected any time the filters were
heated. Since they are not mass produced, filter elements were
in short supply, so we decided not to test their regenerative
capabilities in a failure mode in the preliminary test phase.

These initial tests showed that the system was extremely
efficient at burning soot both uniformly and completely from
the silicon-carbide filters. The filters heated up quickly and
soot ignition occurred with 1little or no oxygen injected. As
expected, regeneration characteristics improved with higher
filter loadings and higher power input.

The first set of filters were bench tested with 1360 watts
(453 watts per filter) applied @ 85 amps with constant room
temperature (74°F) air at a flowrate of 4 cfm through the
device. Outlet temperature stabilized in roughly 5 minutes at
480°F+4°F, which is close to the soot ignition temperature.

The RPFD was then loaded with soot by a warmed-up Mercedes
vehicle cruising at 40 MPH from an original backpressure of 10
inches of H,0 measured at 60 MPH to three times the initial
backpressure (30 in. H,0). The filter backpressure increased
2.35 in. H,0 per minute and had increased threefold in 8-1/2
minutes or less than six miles (Figure 3). This 1is an
extremely fast Dbackpressure rise compared to most diesel
particulate filters currently being developed. Apparently,
though diesel particles are very small in diameter, the pore
size of the filter material is also quite small such that
particulate tends to 'load on itself on the outer surface of the
filter rather than throughout the filter volume. As a result,
though the filter has a void volume of 90 percent, it 1loads
quickly as small pores get clogged with agglomerating soot.

These filters were then regenerated in the bench fixture
at the same power setting and flowrate until outlet temperature
again stabilized. From the drop in oxygen content in the RPFD
we observed that most of the burn occurred several minutes
before outlet temperatures stabilized. The RPFD backpressure
was then checked @ 60 MPH and had returned to the initial 10
in. H,O0.

Regenerations were continued with higher and higher
loadings and power settings. It was found that with 2.5 kW
applied (833 watts/filter) complete regeneration could be
achieved 1in 1less than 3 minutes. Several test runs were
performed at this "maximum" power input setting and quick
thorough regenerations were obtained. However, it soon became
obvious that these were not the most 1ideal conditions for
regenerating the Coloroll RPFD, especially when engine exhaust
was flowed through the system instead of shop air.



RPFD BACKPRESSURE (INCHES H20)

FIGURE 3. STEADY-STATE (40 MPH) LOADING

OF INITIAL _RPFD FILTERS

I
I
i

TIME (MINUTES)



-12-

Regeneration wunder these full power conditions was
achieved with some degree of success. However, as was
determined experimentally, operation at these high power
settings leads to rapid filter deterioration in the form of
ceramic filter/stainless steel interface pitting, filter
cracking, and overheating due to the high thermal 1loading on
the filter. Often, the current supplied would short circuit
across the filter or overload and burn out the power supply
wiring.

This situation was apparently exascerbated by exposure of
the very hot filters to diesel exhaust during regeneration.
The extent of filter deterioration due to exhaust exposure
(oxidation) versus that due to thermal shock and short
circuiting 1is unknown. However, filter durability was much
better when shop air was used as an oxygen source rather than
engine exhaust. Also, only a minimum amount of air flow (1-2
cfm) was found to be desirable since too much flow caused soot
to blow off the filter into the can rather than enhance the
burn rate and reduce filter temperature at the same time. High
temperature flow (near 900°F) did not cool the filter as much.
However, the soot flaking problem still occurred even when one
filter outlet was fitted with a plate to restrict flow when
only this filter was powered during regeneration.

Flowrate Optimization

As more filters became damaged at elevated power settings,
airflow optimization was pursued 1in an attempt to enhance
filter durability. Even though it was surmised that the power
input was somewhat high for an onboard commercial RPFD in terms
of power and fuel economy penalties, quick complete uniform
regeneration was seen as a decided improvement over other
systems and a capability of the RPFD not to be compromised.
Therefore, other parameters were 1initially investigated to
improve RPFD durability.

Both shop air and engine exhaust flow were alternately
pumped through the RPFD during regenerations under various
loadings and time durations. Filters deteriorated much more
rapidly at all flowrates when engine exhaust was used rather
than shop air. It was hypothesized that the elevated
temperatures of high diesel exhaust flowrates had a more severe
oxidizing effect than room temperature shop air, particularly
on the ends of the filters where pitting occurred, or where
accumulating soot decreased the actual surface where the
ceramic and metal come 1in contact and current is exchanged.
Though soot particles are somewhat conductive, they are
probably not as conductive as the filter material as judged by
the higher surface resistances of sooted filters. High exhaust
flowrates also tended to increase backpressure faster than soot
could be burned.
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Shop air was then used exclusively and a trap bypass
system was configured. It was observed that the RPFD worked
best when no airflow was added during the first minute or so as
the filters were heating up. Then during the next two minutes
(when most of the burn occurs) a minimal airflow (1-2 cfm)
appeared to provide the oxygen needed to sustain the burn
without having a cooling effect on the filters. Finally, as
more soot was burned and backpressure decreased (after about 3
minutes) less airflow was needed to complete the regeneration
and lower flowrates (0.5-1.0 cfm) were found to be optimum.

Continuous "Clean Trap' Regeneration

Even with soot loading and airflow optimized, problems
with filter failures continued as long as maxXimum power was
applied during regeneration. The thermal stress of the high
current across the interface of solid metal to porous ceramic
was still a significant problem and investigations of wvarious
methods of bonding the ceramic to the metal electrical 1leads
were then initiated.

Concurrent with these efforts to improve the ceramic to
metal contact, ways were investigated to lower the power demand
for regeneration while still maintaining the quick and thorough
regeneration characteristics displayed at high power. A
variable porosity filter, with maximum filter density at the
ends (electrical interfaces) and maximum porosity in the middle
of the filter for better soot loading capacity, was suggested
as a solution to the ceramic/metal interface problem. The
ceramic material suppliers considered this alternate filter
design when efforts to improve metal flame-spraying techniques
showed little benefit. However, in order to ensure the uniform
electrical properties of the filters were maintained when
powered, they had spent considerable development effort and
company resources to produce uniform density filters.
Production of uniform density ceramic filters is a significant
contribution to this technology in the RPFD application.

Therefore, a variable cross-section filter was proposed as
an alternate solution to the problem. The idea was to have
greater cross-sectional area at the ends of the filters than in
the middle to increase interface contact area and increase
current density in the middle of the filters where the most
soot ignition 1is desired to take place. This type of filter
configuration was being developed and tested in the laboratory
when a transition in company management caused some
discontinuity in the test program.

In the meantime, 1t was decided to pursue a '"continuous"
regeneration test sequence in which Jjust enough power was
continuously input to the RPFD to maintain a constant
backpressure, with variable flow from the changing exhaust
flowrates of transient speed/load engine operation. Graphs of
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exhaust flow versus power to the RPFD were expected to show
that the exhaust flow would actually have a cooling effect on
the filters and that higher power was needed at higher exhaust
flowrates. Figure 4 shows this expected effect which was later
observed in the laboratory, but with little data and at a cost
of more ceramic filters. High speed simultaneous loading and
burning of the soot destroyed the ceramic filters faster and
more severely than before even though lower current was being
applied. This 1s attributed to the combined effects of higher
exhaust flow rates and oxidation at elevated exhaust
temperatures. A few data points were plotted to show the
general trend displayed in Figure 4, but it was decided to
determine filter surface temperatur= vs. power to see if the
heat from the exhaust gases was of any benefit at all during
regeneration.

It appeared the bypass system was the best configuration
for the RPFD since, if filter surface temperature was as high
as believed, the exhaust gases would only be cooling (and
oxidizing) the filters even at high speeds (maximum exhaust
temperatures) and the RPFD close-coupled to the exhaust
manifold.

It was believed that at maximum power, filter temperature
was over 1000°F (538°C) perhaps even 1200°F (650°C). Exhaust
gas temperature never exceeded 900°F (482°C) at the exhaust
manifold outlet even at 60 MPH. Filter surface temperature
could not be measured accurately with standard thermocouples
and 1t was desired not to create hot spots on the filter
surface attempting to make such measurements. We did not have
access to our own optical pyrometer that operated in the same
temperature range of the ceramic filters during regeneration
even though a quartz window was installed in the side of the
RPFD to observe the filters as they burned soot. The ceramic
material supplier did have an optical pyrometer, however, and
took some measurements of some clean (unsooted) filters at 800
watts and varying (room temperature) air flowrates. The
results are shown in Figure 5.

As displayed in Figure 5, with no flow through the
filters, the filter surface temperature stabilized in about 1
minute at 600°C, well above the soot 1ignition temperature.
This supported the perception that the filters had the ability
to self-ignite, even in the absence of excess oxygen. When
nitrogen was flowed through the RPFD prior to a regeneration to
purge all oxygen from the RPFD, the filters still 1ignited when
current was applied. :

As flow rate was 1increased, 1little effect on filter
surface temperature was noticed up to 1.0 cfm. Above 1.0 cfm
filter surface temperature dropped almost linearly at a rate of
approximately 20°C (36°F) per 1.0 cfm in the range of 1-10 cfm.
Regeneration with shop air at room temperature did not have a
greater cooling effect on the filters than the relatively hot
exhaust gases as long as flowrates were Kkept low, (i.e., below
2 cfm.)



FIGURE 4. STEADY-STATE CONTINUOUS “CLEAN TRAP"* REGENERATION
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FLTER SURFACE TEMPERATURE (CENTIGRADE)

FIGURE 5. EFFECT OF AIR FLOWRATE ON FILTER SURFACE
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It was surmised that another way to reduce the power
requirement to the RPFD for regeneration was to only burn one
filter at a time. A "revolver configuration" was envisioned in
which a sealed revolving plate rotated at the inlet to the RPFD
such that two filters were exposed to diesel soot, while the
third was burned. When the burning filter was completely
regenerated, the plate would revolve 120° and block or restrict
total flow to the next filter to be burned. We did not modify
the RPFD to test this configuration nor did we have an adequate
system for sealing the filter ends to the revolving plate.
However, with the idea of optimizing the RPFD geometry for a
feasible diesel automobile or truck production application, and
keeping in mind the need to regenerate these filters
frequently, the revolver idea was submitted as a means of
decreasing power demands on the vehicle by a factor of three at
any time during normal urban or highway vehicle operation.

Now that airflow requirements to the RPFD appeared to be
more rigorously defined, a test sequence to determine how
regeneration efficiency varied with the power applied to the
RPFD was performed to further optimize the system for practical
vehicle operation.

Regeneration Efficiency Evaluation

In order to compare the results of subsequent
regenerations a more standardized procedure was adopted. It
was decided that test regenerations would be 5 minutes in
duration with the optimized airflow schedule already
determined, such that power could be varied to determine the
relationship between power, frequency of regeneration, and
regeneration efficiency in terms of change in backpressure.

For the ©purposes of this experiment, regeneration
efficiency was defined as:

Regeneration efficiency* = 100 (BPL - BPF) (%)
BPL - BPI

Where:

BPL = Backpressure of filters loaded (in. H,0)

BPF Final (post-regeneration) backpressure (in H.O)

BPI Initial (prior to loading) backpressure (in. H.O0)

The relationship of power supplied to the RPFD and
regeneration efficiency was plotted for four different
combinations of filter loadings and airflow rates. The
four-phase test sequence began by loading the RPFD to a
"moderate" loading of 160 in. H,0 (approximately equivalent
to one cold start urban FTP drive cycle) on the Mercedes 300D
test vehicle. The RPFD was then regenerated onboard the

* All backpressures measured at 60 MPH steady-state vehicle
operation.
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vehicle with exhaust gas bypassed and the optimized shop air
flow schedule used (i.e., no flow for first minute, 1.0 cfm for
next 2 minutes, and 0.5 cfm for the final 2 minutes) at the
first power setting. Continuous measurement of cfm, O,, CO,
CO., RPFD 1inlet and outlet temperatures were recorded and
regeneration (glowing filters in RPFD) was visually observed
through the glass port on the side of the RPFD. Backpressures
were measured and recorded before and after RPFD loading on the
urban driving cycle (FTP), and after regeneration. The change
in backpressure for each test and each new power setting was
used to determine the regeneration efficiency of each phase of
the test program. At least ten power settings were tested for

each phase of the test program. This procedure was repeated
for Phases 1II, III, and IV at the following BPLs: 160 1in.
H.0, "1/2 airflow schedule;"” 200 in. H:;0; and 110 in.

H.;0. The results are shown in Figure 6.

Figure 6 shows that greater than 90 percent regeneration
efficiency can be obtained with 1less than 1275 watts (425
watts/filter) or almost one-half the energy supplied to the
RPFD under full power conditions. This figure also shows that
under 600 watts (200 watts/filter) almost none of the 1loaded
soot will burn off. Over 40 regenerations were performed on
the same three SiC ceramic filter elements during this test
program with no deterioration of filter elements. This 1is
probably due to the lower thermal stress of power settings 40
to 80 percent lower than those wused to obtain maximum
regeneration efficiency (2500 watts). These test results also
show that the filters tend to burn better when more heavily
loaded and 1little difference when the already low airflow rate
schedule 1is cut in half. This minimum airflow rate schedule
seems to mainly serve as a safety precaution to protect the
filters from overheating or cooling too fast after regeneration.

Exhaust Emissions and RPFD Filter Efficiency Testing

In addition to RPFD filter durability problems experienced
throughout this test program, several equipment problems, in
particular heated flame ionization detector (HFID) problems
were encountered. In fact, heated hydrocarbon and particulate
analyzer malfunctions paralyzed the test program for eight
months between initial baseline exhaust emissions and RPFD
filter efficiency determinations during the winter of 1986 and
subsequent continued exhaust emissions characterization from
November 1986 through May 1987. Accurate gquick response
exhaust flowmeter measurement was also a continuing problem.

During the spring and summer of 1986, however, the air
flowrate optimization, continuous regeneration, and power vs.
regeneration efficiency test sequences were performed to fill
in the downtime of the exhaust analyzers. As regenerations
were optimized, certain trends in RPFD concentrations became
quantified as well.



Figure 6
Regeneration Efficiency vs. Power Input
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As is shown in Fiqure 7, when 1500 watts are applied to
the RPFD at a loaded backpressure of 200 in. H,0 (7.2 psi)
certain trends in the concentrations of products and reactants
become apparent. Oxygen concentration starts out close to its
normal air concentration, 22-23 percent, and quickly drops as
it is consumed in the reaction after power is applied to the
RPFD. If regeneration conditions don't vary, O: usually
bottoms out near S5 percent 2 to 3 minutes after power is
applied, and returns to 15 percent after 5 minutes as less soot
remains to be burned. CO rises sharply as the burn begins and
hydrocarbons have not been completely combusted. As soot
ignition occurs, CO drops off momentarily as the reaction
kinetics favor CO, formation. As regeneration rates reach a
maximum (shortly after 2 minutes), peak concentrations of both
CO and CO. occur. As the burn tapers off, CO goes to =zero
and CO., tapers off to background 1levels. RPFD outlet
temperature stabilizes in the range of 450 to 500°F (205-260°C)
at the end of these regenerations, and final backpressure is
generally reduced to 1less than 30 in. H.O0 (1 psi) with
regeneration efficiency greater than 90 percent.

In spite of exhaust emission analyzer problems, a number
of hot and cold start Federal Test Procedures (FTPs) were
performed on the Mercedes test vehicle with and without the
Coloroll RPFD located in the exhaust system. This testing was
performed to determine the unit's efficiency at removing the
vehicle's engine-out ©particulate emissions under simulated
cyclic urban conditions and compare RPFD-out emissions to the
promulgated U.S. diesel particulate emission standard. The
results of this testing are shown in Table 3.

The Mercedes test vehicle was found to have very
repeatable particulate exhaust emissions of about 0.45 g/mile
over the FTP similar to emission levels of previous test
programs on the vehicle. The RPFD-out particulate emissions
were below the 0.20 g/mile standard on all 15 tests run and the
particulate emissions reduction ranged from 60 to 80 percent.

As mentioned, most equipment problems centered around the
heated-FID with chart recorder wiring, pump, regul-=tor and
burner components needing frequent maintenance and often
temporarily brought within specification but not completely
repaired. Cold spots in the heated HC sample line voided the
first test run on the RPFD. Other problems were encountered
with filter weighing equipment, and when the dry gas meters
were changed and affected flow in the particulate sampling
system. By far the most variable emissions, however, are the
RPFD-out hydrocarbon emissions, which though of low magnitude,
vary from .102 to .304 g/mile. HC emissions reported in Table
3 are cold HC-FID numbers.
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Table 3

Hot LA-4 Coloroll RPFD Emissions Results

Test Trap HC-FID Cco CO, NOx Part.
Date Number Config. (g/mi) (g/mi) (g/mi) (g/mi) MPG (g/mi) Comments

01/16/786 860936 Dummy .282 0.97 393 1.86 25.7 .461
01716786 860937 w/RPFD .441 0.97 395 1.79 25.6 .402 Cold spots in
HC probe
(void test)
02/04/86 861689 Dummy .299 1.02 406 1.82 25.0 .425 Efficiency
02/04/86 861690 w/RPFD .297 1.04 420 1.89 24.1 .137 67.8 percent
11725786 870817 Dummy .158 0.94 395 1.81 25.6 .428 Efficiency
11725786 870818 w/RPFD .160 1.00 433 1.91 23.4 .170 60.3 percent
12/09/86 871049 Dummy .141 0.95 404 1.80 25.0 .441 Efficiency
12709786 871050 w/RPFD .145 1.02 458 1.98 22.1 .158 64.2 percent
12718786 871225 w/RPFD .174 1.07 512 2.15 19.8 .139 Cold start
test
01713787 871198 w/RPFD .136 1.06 486 2.06 20.8 .129 Part. void
02706787 871662 w/RPFD .109 1.02 463 2.00 21.9 .104 Humidity high
02/12/787 871927 w/RPFD .102 0.92 433 1.87 23.4 .086 Efficiency
80.7 percent
03705787 872230 Dummy -- -- -- -- -- .481 Efficiency
03705787 872231 w/RPFD -- -- -- -- -- .114 76.3 Percent
03/12/87 872349 w/RPFD .143 1.18 516 2.12 19.6 .142 Cold start
test
03/19/87 872350 Dummy .338 1.06 442 1.88 22.9 .487 Cold start
test
03/20/87 872468 w/RPFD .304 1.06 489 2.13 20.6 .080 Cold start
test
04/09s87 872731 w/RPFD .259 0.99 451 1.92 22.4 .080
04/09/87 872732 w/RPFD .233 1.04 506 2.15 20.0 .121
04/17/87 872827 w/RPFD 111 1.07 513 2.22 19.8 .077 Initial load
= 7.0 psi
04723787 872888 w/RPFD .129 1.08 460 1.96 22.0 .094 Initial load
= 2.5 pSl
057/01/87 873003 w/RPFD .122 0.96 442 1.90 22.9 .095 HC-FID Void
05707787 873004 Dummy .1686 1.17 450 1.89 22.5 .432 2-Bag Test
NOTE: Mercedes 300D engine ~:t parriculate {(avg. of 17 tests including ahova

oA ton gnal - CLiaf e dara devisrion = L024.
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CO and NOx emissions were stable at about 1.0 and 1.8
g/mile, respectively, and changed very little whether the RPFD
or a dummy container (baseline) configuration was tested.
RPFD-out CO. emissions increased slightly over the baseline
levels on the vehicle. This increase was in proportion to the
decrease in vehicle fuel economy.

Vehicle fuel economy decreased by nearly 10 percent on the
FTP when equipped with the RPFD. The hot start FTP fuel
economy penalty was 8.1 percent and the cold start FTP fuel
economy penalty was 12.7 percent.

The particulate emissions efficiency (percent of baseline
engine-out vehicle particulate emissions reduced) was 70.2
percent on hot start tests and 75.4 percent on cold start FTPs.

The vehicle was loaded to backpressures of roughly 200 in.
H;O0 (7.2 psi) on the test runs described above. A pair of
cyclic tests were run on the vehicle equipped with the RPFD
with much higher soot 1loadings to observe the effects on
vehicle fuel economy and driveability. At 493 in. H,O0 (17.6
psi) the vehicle driveability was characterized by 1lugging as
if pulling a trailer, and vehicle fuel economy fell another 10
to 12 percent below the MPG for normal particulate loading.

All test data from March 5, 1987 to the end of the test
program were collected on a second generation RPFD container.
This container is similar 1in operation to the original
container with three filter elements electrically powered in
parallel, soot loaded on the outside of the filter, and exhaust
flow outlet through the open end of the inside of the filters.
This alternate RPFD geometry is shown in Figures 8 and 9. This
geometry differs from the original can in that the three
filters are arranged in a row in a single plane rather than in
a cylindrical pattern, and a baffle plate was installed in the
RPFD inlet to scatter the ©particulate for more uniform
loading. The outer container itself 1s much thinner and
lighter weight steel and dissipates the heat energy more
quickly than the original container. In terms of pressure drop
across the filters (10-20 in. H,0) and vehicle emissions
reductions, this RPFD configuration behaved similarly to the
original configuration. The new container showed slightly
lower particulate emissions, but also lower fuel economy, and
slightly higher NOx, CO, CO.. and HC emissions.
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Conclusion;

1. Periodic regeneration is preferred over continuous
regeneration for filter durability and external power needs,
particularly if the RPFD is exposed to exhaust flow or extended
high speed vehicle operation.

2. Minimum power for regeneration = 600W (200W per
filter). This 1s the amount of power needed to 1initiate soot
burning and decrease RPFD backpressure. At these power
settings, filter temperatures are probably 450-475°C

(840-890°F) before soot ignition will occur.

3. Hot cyclic filter efficiency = 70.2 percent. Hot
cyclic fuel economy penalty = 8.1 percent (23.2 MPG vs. 25.3
MPG) .

4. Cold cyclic filter efficiency = 75.4 percent. Cold
cyclic fuel economy penalty = 12.7 percent (20.0 MPG vs. 22.9
MPG) .

5. Optimum power supply for regeneration = 1500W (S00W
per filter). When the RPFD 1is loaded normally (to 200 in.
H,0) this power supply vyields regeneration efficiencies of
greater than 95 percent.

6. Optimum  exhaust (or shop air) flow during
regeneration is 0.5 to 1.0 cfm. Higher flowrates will reduce
filter surface temperature and reduce regeneration efficiency.
No flow at all is desired while RPFD filters are heating up to
a stabilized temperature.

7. Minimum filter 1loading for "good" regeneration 1is
6.0 psi; it was found that the more soot loaded on the filter,
the better the regeneration characteristics and efficiency.
Filters were generally loaded to 7-8 psi (slightly over 200 in.
H.0), where regeneration efficiency and filter durability
were both near optimum.

8. Maximum filter loading before significant
deterioration of driveability is 400 in. H,0 (14.3 psi.) The
filters were loaded to 493 in. H,O (17.6 psi) and tested
yielding a fuel economy penalty. When loaded to 328 in. H,O0
(11.7 psi), no noticeable deterioration in driveablility was
observed and an 11 percent 1loss in hot-cyclic fuel economy
resulted.

9. Operation costs of the current Coloroll RPFD are
high due to the frequency of regeneration required with the
present configuration. At an average vehicle speed of 30 mph ,
0.008-0.013 kW-hr/mile would be required to power the RPFD for
optimum regeneration, and the 8-12 percent loss in fuel economy
would contribute to elevated vehicle operational costs.



FIGURE 8.
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Recommendations

1. Filter pore size should be increased slightly to
admit loading of exhaust particulate throughout the entire
volume of the ceramic fiber filters instead of loading entirely
on the outside of the filters.

2. Filter surface area should also be increased (star
shaped and/or bigger filter) with fiber orientation in 1line
with the electrical power terminals. This would greatly reduce
frequency of regeneration while maintaining uniform material
electrical properties.

3. Electrical contacts between the stainless steel
leads and the flame-sprayed ceramic filter surface, need to be
improved for increased terminal contact surface area, and
isolated from exhaust flow when current 1is exchanged.
Oxidation of these terminals 1s a major durability problem to
be resolved in the development of the Coloroll RPFD. Tests
performed near the end of this evaluation program showed
improvement in contact surface area by 1installing coarse
stainless steel wool washer-shaped 0.1 inch thick mats between
the porous ceramic and solid stainless steel terminals.

4. Variable cross-section filters may also help both
contact and filter pressure drop problems since, for electrical
uniformity, variable porosity and current density are not
desired, and particulate loading at the current pore size is
mostly a surface phenomenon.

5. Uniformity of electrically conductive properties of
the material need to be improved. This could be accomplished
by development of a method for more uniform application of
filter dopants, and perhaps noble metals to reduce soot
ignition temperature and/or benefit from heat transfer from the
exhaust gases.

6. Improved trap geometry 1is necessary for vehicle
(commercial) application. Canning material needs to be
optimized and structural shock analysis needs to be performed
to demonstrate vibrational and mechanical integrity in a
vehicle or truck application.

7. The combination of a foam (or fiber) and a wallflow
filter such as the Mazda direct catalyst supply system might
improve efficiency while maintaining optimum ignitability
(Figure 10). A concentric ring cylindrical tube design
incorporating both conductive and nonconductive filter
technologies has also been considered for design and testing.

8. Application of a bypass system (possibly the
revolver-type configuration) with minimum flow appears to be
optimum for the current RPFD geometry (Figure 11). This system
configuration reduces instantaneous power requirements to the
RPFD while protecting the filters from oxidation and at the
same time increasing filter durability.
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APPENDIX B: VEHICLE SPECIFICATIONS




Table 3
TEST VEHICLE DESCRIPTION
1975 Mercedes 3enz 300D

Vehicle Identification Number: 11511412019885

Engine

type . + ¢ ¢« ¢ « + ¢« ¢« 4 s « + « « 4 Stroke Cycle,
IDI Diesel, In-Line 5

bore x stroke. . . . . +. . « « . . . 3.58 x 3.64 inches
displacement . . . . . . . . +« . . . 3.0 Liter/183 CID
compression ratio. . . . . . . . . . 21.0:1

maximum power @ rpm. . . . « . « o« . 17 horsepower @ 4000 RPM

fuel metering. . . . . . . . . . . . .Diesel Fuel Injection

Drive Train

transmission type. . . . «. « . . . . 3=-speed automatic

Chassis

type . . . } e ¢« 4 « s s+ 4 s s & « « 4 door sedan
tire Size. [ ] * - [ L] L] L4 . . L] . L] . 175 SRl4
test weight. . . . . . « « « « . . . 4000 pounds

dynamometer horsepower . . . . . . . 13.2



APPENDIX C: REGENERATION DATA




v\

h ESTERLINE ANGUS INDlAh‘A’POLIS. IND.. U,S.‘. CHART NO

e

Ve

(J

\

I S U S ) DRSS SN SN S U S SR PRt i PR VSN Y S S S S P - PR S e

i, 2000 T, on i3, 4 =1 iz, o 14| e rin] @ 1% B e W ®
N U Y W W VI WO VS VS SR W U S VOV WP Y PSS S U U U U U S S U | PR S VAUV D U S WO VU VAR W YO W W WV Acddl A b YU VAN VIR W YA S VA W 1 PR S Y

+2, 009 3, 0080 +, B Vi d4-ie LN, U 7 SN *efm 23, 44|

" i L L i PR | A “ N } i i i i -4 i . 4 1 1 4 PR —L " : i — i i ' 3 i
+58, ¥ +758, 88 100, 1 ; 1o, 8 +174%.4 . *Qﬁﬁw.ﬁ +22h9.4 . 12500, 8
'I‘“’f" - S . l B ‘

- ERROE Bip coppl HACLUNASHRES Qoah

o
| }1
T

I

CO | £
:“ | Ao ! N (

08

P2 2-36 12147156 3

A Aok A A A 4 A A e ) ! Ao i i i i é i A i ¢ i i i i A 1 3 R i A A )i i 4 i bk - 2 L e e L e k. LA - 4. dor b f,'v,:,,
A, 3080 +2,4090 4, 2009 +£, 3022 +i, ol 2= +1, 008 14708 16| s +1&{ 700 i1, 080
w g 0 BN GBS URE BN W | Lol 31 4 4 31 . J.3 3 PETSSTEIN I NIT UAE SAV U S WY S0 S S5 WIS WY S5 U G 0 S WA S S50 G TOUF U NS U U S DU VA S ST WK U0 S 2000 S UNU WS W W S HED RIS S B0 S B b e it e sl e s s 'f 1 ) il b S aant e - G G Gl WS AR GH G Gt W §
2. H0eR +1. Q209 AR L +2, 3908 4, do0R UOLT 141 T, An +1, ey +i3. hded +3. ppad +19.988
——d " " — 4 a N i L 1 A i i + S S " " " A | . + 4 A - - 4 + S 3 - 4 A m
2. e t229. 509, AR +753, 09 19, A feny=F 112 R R Y = T rzE,
REC s Z-42-36 AFiNIise EOR SR, ([Zugivaing N T A TR L ; e




s

o

M

-+

Lo
09
f‘

Fz—u-ao 13:57:

3

- —— e - -

D’l.—i’l-.o l’l LT-Ld

| U U VO T T YV W G U U WU Y S UHN U S SHU DU W S S

i

U W W W |

e

,(Ju /@w

P S

ALI_LL&

Y S S S I Y S G S | - Pl id g ;LJ_!_L;AALAA JF WD S S SN S § e b .
La.m +2.4000 w.gaaa +6. 3000 *‘d.:mm u:-;.‘ 2,58 +14, 708 1164308 +13, 709 +24., 689
PSP VET YO W U0 WY U U A S WY W S Y S ST WY PRI ST S ST S WS S Y P U VAN S T Y N PR ST S W N W S P S RV W S ST U U U W S S G U S WA W P b mebnchi A dabache deda b bk PEY PO . Py
‘a.m +1. 0008 +2.J'bt\ui\ f:-.rl)ma w.am YULT 1h-ic Tt M) + i .o +3, 4. +10, 9
N n Y | A i P e PO W Y i A e n i1 i N T | S A1 — T TS n i n n A i " i
Q/f{ T3, da08 +259. 0 +500, o +]04, M *mm.tx o= =i +i¥4, 9 11159, e ] +2259,9 +3500.9
o) FEE”R'MEL ﬁﬂ- 123 1 EZ8 CAN IdT=nu:an:ng CHART SR[eifps nm Fyey T T
O ~ j
q : L
QT < T e e S s
MR S s S 7 !
) ‘U w1 Y // ; 1
w o | n1 _
9_ ;1.6 Z a i
z 1 “'1 . /
Pa—13-d6 1356147
I 4
6 - a2 Bt
. 4
o -
4 : ﬁg
a 1€
¢-13-8¢ 13:55:12 / - i
Bt i — | ]
, B /(9(7 CM B
0 -
2 pss i
— (‘:j) . ‘ { . -— = , et s m e st - - mr e e v et = e e A — mep——
o LI a &GS A i | |
UL i I
kb 4__,_________7_,. - R
-
Q
L
T
(V]

9. 3000 *"ﬁ""” +§, 2000 +6, 1060 +5, 4008 vti Moo iy .ua”'——-ﬂq ST TS 90 217000,

PUY G W U VD S W U § LLA;AAAAAAA‘A P N UD VAE VI W SO WD WY WU U VIO S W YT U VS UL VD US YD S W U T U U S SO0 VY U W U U S U W U S0 U W W S S S 1 FUID S W W U SOV U WO WS S U S S W S Y P WU U WS VS VI VT G §
o o, deen 1, unau 2. 9000 +1.J0n ™. d0ge WILT 14-1e e, W00 +{. joon 3, 9, +19. 080
b i Uy Y VR WY ¢ U G i ISR O i N i - o FUY N e i e i el i A " 4 n J‘
2 [a. 7000 -.a.ao **&) 86 nqa t\v\ *10'50.6 UL 1-14 +1=40. 1 +1 1%, A wmﬁn " Py Sy PEPEVIEY

S RTAARReNn on. 0

2K -



»
)

ES'.E"‘LINk ANGUS INDIA}JAPOLIS, IND U.S.A CHART?‘JO 8320900

I
2-17-56 18: 33146
a:

Y
x-t

s e
S EIS
[2 Ty

19
+19,365 16

HERAH AJlH'

i
M

cedsreeec 2

g Cr g s 1Y

YRALLEY

rrTrTT AR

-.92015 10

11

ST TR 2
ROFS P b

ANILHVAL=J4: Y

navy

-ML-A#NHS PEAK - - -TINE -- TINE LahiL fLHE PARE  GHNL Y

31 F +2»§6.6‘; 193¢ 19:28 Az 18124 19121 n: r

4y F Fe?9777 18:31 ig: 11 uy S U HEEY [T HREY we o

a7 _F Freev?y {A114 1224 s LI 15 41 AY ot
TR F T 9T 1AVIT 180321 11 SEUHEEY 18131 TI27F

13 F TERTRYT LA 19131 iy 1937y -, 11334 5 v
i6 v +,4991485 19:31 -, 09485 18:31 1§ 18121+ 1853
CHHL _UNITS PEAK . JIME . UALLEY TIHE CHHL TInE waA TIng Crnt. uMlIy
EAKVALLEY @2-49-80 40:37:23 1 bUHET G & ZUAN dHl=nnivaznl

1

I

B‘l Lan ( \

B e o - ey
E‘;_‘:i‘.-"tih LLIREE 2 é.
| PR S Y U W S S AT lﬁLA;A_LJA;JJ_AJ_LA_A;L_A — PN VU U SO S S S f PN W SH G S 1
B. A +2, 1009 Ty, 2600 &, Jode 5, uz2-1i 12, e Tiv, (00 Tit
} i U S BN U S U I ¥ ! PN SO U U U B U VA G N UO WA S SN A G R 1 - [ T W U S S SIS VS S U GHN BN AN U SN S LA U Gh U N Y T I T T VS T S TS N Y S S TS W N B S W -;l"x" xxxxxxxx
i 0,200 +1, 1000 +2,9000 *-.aaao 4, 399 WLy 1&-1:: te, gty +i. jure Y
] . " | " A ST SR | P ST i N PN G e —_— ; i i i FUN S i "
LY i h.._-e,E@ +1300. 1 btu—t 1- 1' 15, 0y (32,9 T

] ] =8 =L R HGLHE Ak ;

.05
A2

M

o

9z

3
55 1
4E |

%l

b2 5-56 10??;': 2
o1

)
-

[HR% J 40 2]

Y

£ N& N N

[ ]

|

D=4 I=RA AA T4

e

S




v

£
]

O‘ 832D9%

AV

~

‘ ESTEPLINE AV#US INDIANAPO‘IS. IND.. US. A CHART N

—

JyE - i

F@\ o

+750. 00
1

2, 5000
LORBER ﬁ_-r‘-nr N GH 11 SURN LHizogiun;ul mel Rete LOps

Bi= 1224

"1"-'0 1530715
P A_A4L & SR VY S VA WY L VU S G S U PSS W N [ S VI SOy W S S DU SO W VA R SRUON THier Viahie wilver Wl iy v U T T S ' S W . — PO ) W S
0.6000 ~2.1000 « 2009 M@H +5. 4000 2T 1,000 144 (0o 164500 fmwm +21. 080
AAIAJ]AA_A;IAIAAJ;JLJ A_LAJAJJLJL_AIJ'LLLALIAIAJIAILIAAIAAAJLA I S W T Y S T VU W W W ) T W W R W T | I U A T U T F U W T U T S W |
2.0008 11. 3800 2. 4098 +2.3080 T 8008 VoL 14-10 RN tf *ﬂ“rﬂ,‘“ 1
— i P W " n PN N he b} i i " e s 4 " 4 U T S Y T 1 A i PO S Y n Py A
+258. o8 +-09, 28 *18% a fEb‘f T1- 1‘- +1548, 9 Hi30,0 - ) +:230.9 +2500.9

)

145 02
158 2}

A2
3—17—80 14:37:23
P

- B

6 M1
4& oz
6% o . —
13 we

&R

~ oy

Lo

—
&

OV CouwioD 13:00 P.0000 13it0 o v th. 8478 15187 t3,4488 15111 N e P
CHNL UNIT3 PEAK TINE URLLEY TINHE CHNL URI(3 vEAK TIAL  vaLLer  1int CHNL UnRIlg PERK . TINY vALLET YIME '
EEAEA AL~ 1A2~43-o6—4 0182440 — - i A3 Dala 15343193 SRl IRT=9313810% INTERGAL=DH 0028 -
Y : :
86 Mia:—l 15
i )
2-13-36 15144236 PC' 4 5 \
— hndni ) PO S G VNS S U S G S SH S S S S S WS S R SO SO S SO W G Gy W Al i IO S S R G [ S S S . 1Y b A A )
0 BRaR— - & 118&3*-""— —4, %m Yo, deon +5, 4on Ui TIZ O - e Tn PRz —+Hu "
PTG W S S S S § SO W U U U S SR Y ¢ TV T U T T G ST § F SN0 G VS G S S S S A A Y WA S [ U SO U T S S W A I S | bk b i A ) O T U Y O U | AIAALAIAVA
a.m +1 m +...m +.4, B ] WiL1 1410 T, GO +i. o *4, fa.,um ne am
n e A n i H FE ) N SR T i i i i i i i i i A i n F U o i A i A i i \
‘am""‘ ) Msa I u» B o880 . Tipew.p bt 1-12 00,8 T T T TN0.8 . ¥2090.9 féé@ . ‘
FECOREDER Dg-iF-ae i9i1dgde 1 53R FUAN adi=ugiangal COREL pAiL A R 192y ,
- \
. 1
ta ] .
' . 2 . G{\
i
- ’ ‘
}Lo_. . N -
{ b
6 o \
219756 1048 J. e
pe R
P £
46 Cay
i 4
1
L5 Gu
|
6 ) 7
Fe—ifs—isﬁ 15: 85157
?@7 (5
F : e
43 I low g
53 [ 4 7



Da-iA-5a A% 15T

A L

¥ SPUE S NN S W | !

il

l
i

|

A Ul Whine: Gl St ol s o vt Mo ¢

ks VY N U G SH S B4 LA S W

. 3000 +2.1000

P W G U PN UL S S Y W Y W WO U Y VO B0 SR O

£,

'lJ}.A_LJ_JAAAIJAALLJ_LJ_AA;ILJLLLAL'

Joes &, 4660

g2-17

1z, C-Uﬁ

g i

+i4J768 164

bbb b PR S W U N S S Y |

3190

¥24.08

VU S U S U U S WY

oD, A N 20000
L . Il

d.l

i

)Mw +\+.m\ua

i A i

ISR VDI VAU Sp | i

Wbl 14k

n i i

T, U0

4. L

AL

i A i A

raty, o0 ﬁau Ty
ﬂ;-‘a 3 ;

£, 3000
EL‘DR[’EF

] F-o) r\a

. *1@%.

UK Al izugs

et 1-18
LS

0"‘

»::-\:.PD'_ns'wD.. USA CuaRT ND sazPioo

INE A\Gl's INDT

2

ZSTE

a‘t:)-.
H4<
Hes
s

20-36 6

v” ~
AT TV
Ty HY ,
[
rk-

[0

f, ¥

i,

1Y

N.] +2508, 0

o s i s e e e e

JP Y T YO SR W U R S N S S S G S — i i U S S 4 U W U NUY SR VU VU S 4 [T S T TN BT S U S S T S S e
[ i
La.eew +2. 102 4. 2000 . .-m.u.: T, U211 t12, 000 Tiq, it 16, ot 15, Yoy *21, 00
. D ST SO S Y W N 1 i F e —i i TV S VS S S VY W VU W WL U TS W VS WS VU VA W WS GG W G T VAIS VL VO VT VNP UG VA WIS WG WONS VNS WA VEN S WH WU W W VS WS WUNE TS WY W S S T ¥
8 2380 1. m +2, 9090 unun WLl A%l ™, wm n.??ﬂﬂ 14, few T4, ww iy, nm
S W i i i i L i i i AL 1 P} i A 1 i i " l A i i
HSU Oﬂ ﬁM o r Bt -1 15,8 10,0 2094, fa:»u u +2500, ¥

hYELLHGLHA

LHAKL

D OO G

9/ v—lmm,g N

BRI nm‘qﬁ r=

™




14:4¢ ni f WEGEEAE QYA I 4y

" 1 Trrrtrr o140 ¢ Pl SEFSEE 1T b B N AR A U LT I AN 46

1 F FIEITTT Q416 T TME 0 ’ TY 14146 12 ' Fereeve 4qigp TTeTeIT 44846

43— L TYPRRERD. AMINE. TR P46 2RI - i 143486 . .15 TiP. 000 ANIHY . 81114 AHIHE

4 iy +.28185 14146 -, 804 45 CJEAAL TiLo 14iap

CHNL UNITS PEAK TIME VALLEY ft L~ L1y PLAK  1AAE wrm_ Loy DLAL UNNL URLLE PLAR Iint] VALLLT TIME ‘
PEAKUALLEY Q3-298-356 44:64328 530 DATA 14itiii SRR INj=naian:vl ANILRYAL=2M: 0009 '

=z B
-3
A
iy~
ipe

p—y
(24}
-
:.. N

HER EﬁﬂL VHLUL UNLiY ALAKAN UHANL  WVALUL UNLIY ALAKRAY
14 205928 Y AP Uy 1 to.0dpo Y sul

<Y A
oIS T
+
oQEivc
TP CUIN (K378

D

prrale oA = g o] &a 1o
- §
nr
X

ool

L UHITS A i CHH Gl vALUL UNLTY ALARM ™ 7 7 TCHNL  VALUE UNITS ALAR
RE I 92-20-36 44:i54:52 mun_l‘LL iilz S AN ANicuBidnid] ]1 AL RUALSS an; vy
L. -4 °?\
LY
‘—\\'s
2-20-56 m sa»m 2 .
ke A J § PO U SV W S —'t «AL4L..4_L41;;AL~4\.4..;, NS G VOO S G A b 4
3. 0002 +2.1|E\&\ m.%m . +H Bm\a +....4aa@ 3317 s N T4, 700 164580 +10,909 +21. 008
AL A A A L 4 A 4 PUID S ST A TS G ST { lllAlllAg‘lALl U S G T W VA W TN W UV Y S0 S VD SN S U S WU S SN UAE SV S TSNS W S W S Y U WU A | PN U VU S T U VI WY Y U WY G S WD U T W Y U U U W WY U U U |
d. 3va +1.am +u3|ﬁt\0 I qaae 4, ma YOLT 14-18 +H, \dﬁt\ﬂ 7,000 T3, O +9, 0% ' -+10 mo
A A A L AL ok - A e i k. — H 4 "y A i . | S M i S Sallihns piidhtath tanbinvt suimentl o M Sl & b o L

2, 3888 600 _ a0 +u0 de i ﬂ%@.é! ~ DEG-F 113 uum.a +1799.d +2099.0 T'Fﬂﬂ.ﬁ ;5668
CN 0 14:5R: 4 ] 5 LUAA PSHN s E B ‘Ml = 1524

o i MR

l ESTERLINE ANGUS INDI 'APl‘LIS. IND.. U.S.A. CHAF
%
!
t
O

VA
142

T

Nema Ay -,

t

P Dle e

t
i f
20 26 1&*:5 N oL

S S U T W S N TS YUY G W | i ORI W VT T U ST SN VIR G VAU U LY SNU0Y W U T YU o i i PR POV G S S i
9. 0009 +2. {000 +}, 20 6. Mm\ e 0217 2,600 +14/ 700 +16] 50 ’-101 +21..809
RN W WS VT U O Y ST G NS ST T Y0 Y W VAU U U ST SO S YO Y S U i b AlA-LLAAgLA' S S S SO S S U Y PR VD W G W VO VU WE ¢ ST U WG S T VA VT W SO I W W VO W W [ WD WY UV U U SR T Y
d. m R +g.%me +2 hw w.am wi 1» 16 +6. 0000 7. 000 3, ?‘”" . poa
§ N i i i P —i N t " I Y 1 "

0080 +253,. 80 +509, 00 ?“-" o N *'lﬁm).'_" LRt “1- +100), & +17%9.8 . ). 9 f‘”&j @ fBSm.ﬂ

)
Fu‘ﬂf-nﬁn AZ-2A-26 14:186;45 i Eif SCAN IHT=99;3d;a1 CHART i‘ﬁTEiHﬁirPL-;Mw——- S A
35 M i
cm2B-io 14144117 | )
43 a2 B e H ~~---~f-—-——-—-—~-

p5: NI

a : e e e e s
« 15§ r

S50 n




o —— _ WDl LTSRN uE e WOREL KAILUAN QR = 1034
)Y} - .- -~ 4 3 il i = A -
THN TIRE ~UALLEY TINE CHHL UNITE PEAK T CHNL unit -me:(———
5 [a1 323138 YiMG.es ®3ar me b resb.ui Mdids LML, chn unITy
o TP oA 29?7 A f 3 A9 a,_-, ¥ '
2 a1 77 29129 B3 B CE b Ry b
- i@l 3“32 e ‘; %11 £ ? 'S w2 r v 8912l 3
x 1. ’ v F129 v ? -ly 4 Ah 0 B ¥] frin. 139 , g . .
< EE y o s.aa3Ti 9iriz a3 17 £ o — : 39 3% “onre1 B f“‘ NI
o ULHNL UNITS PEAK TIRE | LR U P ihic i LRRL UELd s »Fem___f.l.ﬂf__,_u#ﬁbtt—;_.HT&___
"Em- HALLET  Ag-gl-ae A 1 i AR SUAN Afl=nwninning | LMITRYAL=FHI AR MY
< ;
o CHNL 'JQLUE,UPITS ALAKRN l;:;igL +"‘;‘r';“£ l.i‘lj.it' CARL WALUL WRLiE RLARN CLPRL URLUE UNLIS HLﬁH*
2 'pL 194,33 F Az 219,51 f AL R T - B bt i TR RN TTEPE Y 0T
.16 +.9918% v 3L~ SR Lyt 1
8 EHNL YALYUE UNLITS ALARH CHAL  WALUE “HIT ALAKN LANL  WALUL UNITY ALAKA LANL  URLUE ALY ALANK
= L0L REPDRT BI-21-08 WAL AGING i L LHA B agaug SUHAN AHiswRiNnibg ADNILRYAL=ZY 00 an
0 i
) PN +250.99 . thes.en +750. 0 ey pEL=F 112 1o, i +1i50.0 T2V, o 1T2230.9 12000, 0
C‘WECGRDER B2-24-36 W A115¢ B! SLAR QHizR@iveiag LUhAE] KAICINH MK = g2
” 6 ’ *
I
P T T SRR
I

‘:3

\ et R — e —— _':_ —— —_- ot me e w tramt it ——
| |
S N ST |
"-21 &6 335 '
PO SO SR PN G G U GH VA A VY YU SN SR G SO t PN WS VAR YRR VRN GHEE VRN I ST SHET G WA WA S WD GH VU GHU NI S GHI S S ¥ lllJLIJLLALll‘LAIJLAL
2.3000 +_.1m +4, 2080 Ve300 +5, 4299 02-17 +12, 600 +14.700 +H6 5 +15, 909 +71.000

Akhindddh Ao 4 A ..‘.;...LIAAA;AA_LLLAIAAAAA.ull....‘4.4.A.AAJAJAAA':;A;ALAA-. P VIO UF WP Ur G i WS U TS Y Y U Y S YT U VP U U WY S NP up ey
2. 0060 *1.»31600 +;.»3nea +I,3009 +H, aaaa YOLT 14-16 m.nm 7. oo 1.4 +, 0009 +18, 800
i " n i - _ i i )} i —d I S VY W b i P R 1 "t A b} n i n i ! n i n n
. 1000 +259. 00 ne ) +759, a8 +1aaa.a UEL-F 1-14 f1~w. +1750. 8 tzegn, 0 t2250.9 +2500. 8|
REL‘QRI!ER R2-24-36 A9 3zrcy i LEH HUAN JHI=auiangag LHAK! EATELAAS qmr= B G- M o
nqx &._: i }
o O

§ [ | ‘

42 ’-‘-l _ ; . e __!- R . R, _‘
s ez | ; ; |
s m ! , | i
e 92 s

4 "W H ' i

D=4 =TS ARG TR S



@ PANL e whiand 1l CHAL URLIZ MLAK IiML VALLLET 1 LN0L
5 14:2¢8 az F Y Hi_ e l‘HHLt e e e A4 4E8
: - : 4i o r eeCeee 1ty vYerTEe Anldy
g i9:zy A% F AAREEAR LT " or AR VAL RAAAARAAE VA U R 5
z 14124 131 rre 14¢ : 12 r T Terree 24 :
: 44224 0 44 U S8 141t B "g%ééiJ% 24
] 14i24 ! A 2,011 1418 '
3 TIAE CHNL HNITQ *EAK TIint ”HL't.T unt CHNL UNLI3 FLAR anef VALLET  11BE .
g A HuH  URIA AKI20350 0 SUAN AMizURidBiWg ANlEHYAL=EM; uBI 8y
Z ¢ NL  UALUE UNITS ALARM ChL  vALuE unNiTYE ALARN CrBL VALUE unlly ALAR
a 2 +333.51 ¢ 14 T4, 4708 @ ILL- 1% tH, 991 Y
z T 43,4434 U SCL+ o 1
- NL VALUE UNIl= ALRRR CHHL  WALUL WHLIY ALAKAK CHRL  VALUL UNLTS RLHRT
9 i BZA DETA L4323535T SCAN IHT=00:08594 INTERVAL=cH; OB nd
g e g--2--8 1 ¢ 3 2 b oo oo a2 2.2 3 2 3_- PSP WA YAV T SN NN VAN N WY S WY S WY ST Y ST N N SNV A S VOV N U P U W ST VU SOV SO S U N YA U AT S W SR S YT 2img
0, 3009 +1.a|em +2. 0000 +3. 0088 +H, 3000 UOLT 14-16 +t, 3088 t1.4008 . o, +9, +19,000
ut i i " . A A e i A — i i 4 Y ot 4 i — " i i n i i A i " i i 3 n Y I PR A S SN ¥
4 /3‘/-0.8000 +._58Qg - +500. 99 +750.00 08,2 [lEL.-F 1- 1‘ N +1529, 9 +1750.9 +2080., 9 +2230.0 +2508.9
- ] it A Y al g -;: ) NCH N 1 o TF iM T ; = l SL“* A
T
...-
n l
g~ - T -
a2 N
~36 14:26:09
L.'.L._.A'J, A S U UG S S S Vil LD S S S PO U VU U S VY T ST U S W NS S i 2 " i
0. 3000 12,1000 "+, 2000 +6, 3399 +i, 42& n2-17 2609 HYlTea, 185 338 T,
T U U U U Ul U U S U S U U U T A U VA U W VO [T U VS U0 VD T U S S S UV WA S W Y VA S VAN Y WY [ VAT UL WS T WA SN S Y S SV VAN U WO S O B Y Ad b o4 44 Lo U VT S U S U T VA W U N UV S S U T S O W
1,000 +1.§m +_-.~3m +’ flﬂt\n 1, 3000 LOLT 14-16 +6.t§m +7. 4000 +5.0000 +9, +10.000
— i P T e — " " FU U W n " i " i i A S SR § i S G i i — " A " "
2 3000 +254, 9 +sm.ae *"“-3 aa +1898.9 IEG-F 1-12 +1538.8 +1794.9 200, 2 +2298.9 +2509.9
; LORIER. B2-21-56 J4igyiyn HiH  SCAN ANTSOMiR;W: CHAR] KATLAMPCME]= Aoy ;
6—--82: — - ;
W ?
s b " - i |
Q Com
Z 0z j
> .o pL ) S U A -
< ul = i
s 24-AR Aue 72 ~




| ,
CHNL  UALUE UNITS ALARH . CHNL UALUE UNITS ALARH CHNL "nLUL TYUNITE ALARH CHAL VALUE UNITS ALAR
A1 +199,13F A2 +95,196 F 14 +,.3¥1590 v 3oL- g
16 =-.,80485 1 Y 3CL- 17 +3,9283 U
PHNLE  UALUE-UNITS AEARM-— - - —CHNL— UALUE UNITZ ALARN HNL  VALUL UNLTYS ALANR-——
S [DG EEPURT  D2-25-36 99 RY 1 Bip IpTh 23] 1h11 ZUAN [HI=008:80;984
o] !
a NL UNITS INE TINE CHHL UN] TIAE  LHNL ,ugy
™ - : 31 39:86 @z 4 855 89:83 Ty P ETTIIT 7
L 3:90 f3:0¢ 3 K ¢ oBYIng un f k4
o 21 8¢ A9:83 1) T ¥ LAY ar ¥ K 9
2 9:8 - 03188 11 HiE _'_' ! BYIO0 . 12 b Ly Muies TYererd 9 SE——
- b Avras iy U T4, 3466 2 A9idg 1y Y +w.o|6 v7iip t.98ivL 89
x 9:0 B89:11 17 U th,e25W H.Uc fl.nnu vYilg
s Ine rint CHHL UWHITS FEAK (It YARLiLEt  Lint LANL UNL1Y FERK 1ARE] vALLET TI
0 ] i11) A L3H MHIH O S2i4%a43 P I S HL PR AL LA
/;‘"‘ 1
R G R L
g : 1
= e B NG -
&163 (5 4
0255 it
-t AR O
Z -
w 6 ee
& : 4
2 b5 —m >
X[
Z
.
a2
-86 9 - _ ____.__.,%
,'6 d I \
AX — — T —— T
e ! . \Y ‘\
N E- : %D-WU’?F
- 4s. Pt % ) 1
. '“iTJeBAilA OIS S NS SN WY N S S S Sy G S R Wt U W GRS Y SR { RN YN U Y S UESY HY SH W G U Y 'y PR W S VU S | ) T S G G S | ljlllk C
|8 9@; 12,1009 +4.2008 *e, 3080 va. il 2= ﬂ.—..lr-w 4400 1064500 b, +21. 009
O T N S Y W N VY U T U VY VA § VY W NS U WO WY S WO U G S W T W W S AJAAAIIJAIAAJA_AAAAAA W S ey Y Y VI R b d b A A ) A i
J" &, 2000 +1. 4008 +2, o +2, 9000 +4, BB uuu 1416 10, uuw *i. 5. Joow 9, ﬂa m )
A A i A i A n L I i " n Il i 4 i I } A A VR W A i " "y e i e i n n
. S2. 29 +1300.8 uu.-f 1-13 ol 12 n____.,_.nr- ,_:.&e.a
‘)Op ; 5 [N TH LTS bz 1o24 Lu*ﬂ‘ w '
L | AT
ﬂ&__m_ . e i 1 )y
2-35-F5 %72 J=
35.;?‘1:7 e S UG S S i lAlAALLAAAAL PG G VN VES GUUr G W I\  —— F— I WS VAU G G S | T U W S S D(‘-
4. 5000 +c.1noa +i, 2909 +r }m 5, 4@0@ oz-17 na.‘cim +14 /709 +16, 500 +15, 709 +21'm| o
W S W T S S U W S Y SV W ' ¥ U W U Y W G S . W S S S N T S W edbded i a1 -k -t - dedbnd i e deridpndbed kb k. F U S U D N - Y Y S W I U N T U §
23000 110089 42,3000 ¥3.9009 vy am T 4 +6. dov I RN X T )
m +25& M o, M‘ — +759, 90 +1m 0 BEL‘-F 1-13 +538.9 +1739,4 +2040, 9 t2240.9 SM 6 ,
ORDER B2-29-3¢ 69 N ‘ 1 seaf INl=geiueinl LHAK] i-nlr.lnm Bi=_415:Y R R
SEN SN s ] 3




H

=
-

Mg
ST
&»zl

=

-
=

[ ]

pu—

o0

T

{
-
b d
<
+
$
2.0
a9
RS .
e b b ety
g icnm
—d et =d ey

=

imed g = d =iy =4O

et erttaseraalX
e LTE PR P, A
df e T

muNealnor o™
e Ll o = R S

ZF~d e tin
;: (SRR~ ey, e

M icndioncionm
s b e
[ e "I e

()
s aland SR A oo Lo e &

== IR P R il

-l

R R R T 4

R IR L T §

-
=

M
e

o=
s

-
——
(4]
+
o
ey
js Do
3
oo
N
| —p

-
-
Ll S

NITYTPERR . TINE URLLEY TIfE |
| INTERVAL=Z4:00IH0

LT
-

i

e e -

=

o

&ADE IN CANA

PURNT VO SR W G G U S S SUN S S TN U S U W SH UL W ST SIS SR WU U W SN SV SR SR S Sy VW SR SIS VIO S S S S |

rf; 3000 +2, 1088 +i, 2000 +, 3009 +5, Jode L 2.0 - i ?N———"—‘"lo nﬁ@““ '“"—P.tm"ﬁ&

‘..._.‘...IA.......Alx..‘..L;AI.AA.JA..Jll--,..- T S ST ST R T WP 10 U SV T U W U W ..AAL.LL.lLA.....~+1..*.,...L

% le.me H..f?.\ﬂﬁ BWB& +2, 3888 +4, A0 VL 14716 +"-.BMO +7, 0009 +a.ém f"’ m +10 eee
A A A i i i A i i i i i ie. j .. i i A $ i L " i A n A A A A | "
R I ) +750,0 71,3 DESF 112 P e T e R —“¥m1a 5500.0]

ﬁTREQQRDER 2-25-56 19858104 i Lif SUAM JHjzuniuu g CHAKL hnu.um.qnm: io24 :
2 f4s B2 8 T i

e

~ 458 : : !
% Fz- S-86 108:25:29 ! ! ' \/
T | B

g - oz :01 ._1‘-‘. I, ._..I..._._____.,_.__._!_. O |

e . . 293 : i O

P LR ) - ‘ g
ok ¥ | .

< o . . 1

o 45 BE 81 T ] Tt """”}“""'—"‘—'
4 v i

0 | 1 !
L Pe3Stas 1hi:dy SR D | S
s P N e L S
% 0 0868 +2. 1000 , ‘W fr.l.iam m.:&m: Uz=—1i iz, 6m 14 (M 10} oM .08
3 i ——h AL VI U Y G WA S GO A AU S S S G U U O T U U U Y A Aod 4 4 4 i o4 ) S U WS U VD U U NN VT WS LA U VU WY W S U S S § bbb bbb dod bbb A L P U U B G U S T §
< ,a ow ﬂ.?eee +e eaan +3.t‘b368 ﬂ.lafuu VULT 14716 vo.e"uw *?.?&6---—-'- -, S 4-«-»?.0800 ----- ﬁa.m‘.
" i " Py i T i i " i N n i N i " i i 4 A i n i n . P S S ¥ n —1 {
> | 9.0007 + aa 750, A + . -F 1-12 +1580. ¢ 1740, +; E}. 1 +;

4] LFPHDM‘D 'J- IE-3K 4oebiisaa . .- .ltﬂt‘ U '..Drt'l"f‘ .111\‘. I 1-!1'.[@ . . ..“19 Y e G ¢ 82& d 2508, @



 (4GTREPURTT 7 w9idciRy TEAn AnIseniwaing  INIERVAL= sZhiduzen
"ﬂﬂt ~UNITS PEnk TINE Tine LHHL Hnui wm——hnt}*-m_er -—HJlE~--—-—-——
F ] B2i1g w714 ns TYl YT PRIV @944
04 ....... 2 LS LR ¥ nE ¥ 7 1999997 A9l
0T F 2979777 2 nei1l nyi1e uy ¢
TIRTET TR p] d3:42 paiis - 43 F 3 e ]
43 F 29927997 2 Hwi1y wyii: in v 1 . |
116 5 ﬁ{’i lt.l Aar1y . . |
HNL--U int 1Nt LANL UNITY FEAK - JIME VRLLEY . ! X e
g tEAKsY A331348 AN IHT=08;00;id4 INLERVALE y: ARTAA TIne |
o L6s |
ol |
Vo5 163
2 — e — e - - -
£ H6
I :
0 63 o A
<
0w 6
2 e - - R
8 hy-af-
/& 26 o.a‘{ U W S GO Y VNN LY SUUY ST SOV SN WA S WU SIS S S S | bl S B [H S S S WD S WU WS WY S U S TR | PO St i Ad 44
—J'm 42,1008 . w.:.fm T 46, 3R +, 4 Ue-is 1, M 14, T T T ﬂb’.‘s&""‘ - “"ﬂB ‘m“ Y
TV G U U U U U U W WYV W U S S Y S u W P U T U W W U I S WU U0 W UNT U U U0 WS ST SN A UL T W ST S S0 S0 S S SO S0 W S S0 Y W S ST S WP G S S B 4 AL]AJJIK.LAAAAAALALlAJAAAALLJ
lo.m H, ma +2.l +3. 00w ﬂ.t:mr.l VLT A4-1e Tt ) T, M 3, wm +9, 000 ﬂu m
1 i Bt don i i - 1 e i U S 1 i i i H i i i i d I SN G S S S ¥ e e el e A
0. 8009 .Qﬁ +509 , () +150. fum t‘ YEb—r 171 oM. v LY o tdngw.e T2, o fe‘.m L
ECORDER A2-26-36 B9 4637 N 29 VA IHT=96; 99503 UHARS RATLian/Hdri= 192 .

GUS INDIANAPOLIS

-':“‘26‘*0 a%i12; :'4-

i e Y G N N SR WA L UV S W N VN N W SR S S { PN Y N WY S S SR G (N YA SR SU T S S | P 1 llll;&'lllLllll‘Lllé
a.aeoo +2, aee +4, 299 16, Joge +3, 4229 02-17 +1_'.ca30 08 +16, 500 +15,300 +21.009
I WY WY VR VY G G U U U xALA;L\L;.gnAAx'AAA;'lAt'x‘L\vALlL- AT TR SN U VST S U GHE AL S T '1"1111‘ A'xxnx_el'nn-~nA-l“1|xLA.L.;_4!
n0008 T +1.0000 +2. 3009 +2.09000 o APPA uni T u-1s +£. 0P +7 ona P ARG - e wsie e




gu ot Tlsg. 0% AL LR 0Eoor A3 - F

o4 F 2999977 89144 ¥i16  ®s ot 06

ar F v2TveT? B9146 3144 ag F 8% f
L48_ F. . 2777797 @3:46. dile i3 v -
13 F TEPEIEY AIi4L RER Y- 14 Y 15 v
16 U +.98374 B3:17 17 1i oy

CHNL UNITZ PEAK TINE Int CHNL URITE PEAK CHNL UNLT3
EARAVALLEY B82=-27-8¢6 89 1 L@ LAIR Bigiids FUAN _AHisyRieg Ry -

TR

S ICE

1..
&RT NO. B32DS900O

0.0000 421000 4,200 +6.3000 45,4009 e 12,600 ey W8 +24.800
AN U U W W W U N 1 U W VO N VY VD W S § Y ST VA A W WU WV T S U S WO W VWS Y T WA W S W A T G 'Y I S U W U TV NS U WU S ULV W U W S U U U ¥ Le A A 2 A 4 A A A
FOT0B8 ﬂ.g@!" R - N +1, 3089 14, m (LRI U 1) .o - 1Ly .
i i A - i i I SR SO W | n Yy 4 F I WS W S N A i i i i n A i A i ek i A d A
e o 9, Do 250, +30d, 80 +759, 89 ﬁam a JU A Tg 5 B K o0, ¥ 1i79.9 +
\g - RECORDEER 2-27-36 B9ighisd i 331 SUAN Afi=uuiua;ng LA ﬁr‘ilLLﬁj‘lﬂPHJ: 1524
a 6 {
z !
o M€ T =
o . v { .
oo, .
: ﬂb« USRI S
e of |
[a} 'Wa
0 ﬁa_'é -§ I
D 46 .
(L I '
P . in e e —
T a6 of
. L : e e _“_____‘i____ — |
5§§;f° |
3 '- . —— . . ! |
2y A
,
6

,___P.—QT 86 97:16: So
A ed 4 4 P S U S Y ) Y U G S — U S S | S VA S § U WS S WY U U DU S LAA%A4AAA45::4L AL‘L.ALA.A
* 9, 0000 f;'.im ™, 2o T, M) o, Y Ui 12, ot TN b0 TG, M0 v, 00
[ j VS U VA VU VA VY VY U S U SO ST S0 S W S W S S G SR Y | ALLLAlAL-A_LA_LLLLLAA;AA_AA_AA_AAA,LA,LAA;AJ_A,LAAALAAxi;;.A.AAAALLAAA‘A.LL
- 8, 0008 ﬂ 0680 n.m T4, Bk w.?mv.l VLt dd-1s o, B Ti, oo T4, Mun T4, gon ar LA
i i i " i i i i } O U SHN T i i 1 i i A i U N S A e At 2 i A A i i " i .A;.!g A n " 4
9. 9089 250 ee i +5m oa +T59. _ rimmg, u butr 113 1000, ¥ 2 VL, 1L SRS . ) TLEPY - - 2208
ECORDER Ra-Si-gg RILE8I548 s EFig  SCAN INT=adiadigq CHAR( mAltnAsqR = 1aa4 ;
¥ 82 ! 1
s e ANESTEKR S S S
21-66 07:16:25 \ ;
65 @2 5 : e
45 P I SRR \

9% 82
68 ™
: W
5
S B2
et o

s e .
2-21-36 99:15:M

3% 009 -~

WY 98 /27l



ESTI

W

MEPE IN CANADE

}68

3-05"86 14 26: '08

U U SR G S

U Y

U W S W {

U U U CE S

L9, 0009

+2, 1&3&

AA.AA;A.Ll;uLLAAA;lLALJJLJAJ '41.’]1!‘Lllikl_LLlLll

. om

TS SET AU S SO U WA S U U S G W S W O

199 Tio

., r21. 0

Ty

M e

9. 18009

ﬂm

i F Y Il

0. M‘j

e I }

td.

i i A

"10.“0

&4--

&-‘)‘-oo 14:25:22

y-
6
i'f
36
'{ '4

.'14 o
568

t

1--%—oo 1412087
gos

14

163

14

HES

) ea

11584, U
KARKL

.t‘L- —

"

Ri= 4534

e PR

s

3‘*)5-'60 SLHEH 31‘

U S VU R G GRUY G S SO VIS SO SIS U §

PN WU VI S G T |

17

AT

';17

F VR WY S U S VU W DY SN S S W

2008

dddedh bbb}

HTY) oo i, +21, 000

PO S S W S O W o

bk d b b 4 ) & 4

+1. o

Lo g gy o

fd. '

",

*10. aee

i R T R

o X

0, 3086
ECORDER

,.LHN 1H{=08; l'“.’J."l

fhﬁu d
LHAK]

t‘-rq,ﬁ;1 N f_';_'q

0.0 MSM 2

14501 .
165 2
145 B
465 82
HyS ™
165 02
HyS 61

65 B
o _ 1354444




UL UALUE UNITS ALARM™ ~— THNL ~ VALUE iNITS ALARN CHNL 'JnLUL UHIFS MLRRH CHNL u LUE UNITS ALAR
1 +117.g7 f 02 +294.55 LU S FEEY.U. Y SCL- 15 A L EL Y] SCL
16 +,A9556 Y ICL- 17 +3.146Q “ /
CHNL —VALUE -UNITS. ALARH — CHHL  VALUE UNLTS ALAKH LhNL Lt uuuwaum L HAH— VA HE—UN L SR AR
00 REPORT  A3-87-56 49524374 i Eza  DATA L9:24:08 AN INT=98:99:91 IM[LM_QL_ L HLHGL
« PHNL UNTTS EFRAK  TIME VALLET TIAL  UHNL UNLTY #EAK PIBL CRLLET  VIAE  LHAL UMITE REAK  Ving vwAaLied  (LRE
Q FALT P TUUTITF STT18ae- 165, 948 18128 @2 F 0 204,89 18134 ted.edt 18120 14U prSTERYIteTI — 861510120
T 145 U #3,4267 490:21 -H.3I¥45 1821 1t Wt n2iiy 101 A :w.; 1 Voo irb.a1do 20t r2,1238 1832
< CHNL UNITS pPEAK TINE VALLEY TINE CHNL nnLL PEAK rma “nLLLT .LHL UANL umr: PEAK TIfE] vAaLLET TINE
VU PEAK/UALLEY @93-97-86 10:24:11 1 J BT J AU HECH 1Y VAN LH(=vniunsgd IHILHYRL=dY:0n; u8
Z
w 16 Lo A TR 15
2 Lo M -
b3 B S A% o - A T
. 47 .
65 - B BZ- . 4 28 5
*oR g k |
-97-86 19:23:10 - L i
p 45 i
ST o !
: Do . i
B2 4T 4 REL |
2oar e ks
B2 AT M 15 ;
f2 AT i%3 e
) i 141
. 14 17
o) 153 -
z CNs . - 17. . —
a p:HH!o 16 28 e3 i
. I R SR SEYY YOS U S I SIS SN VS AN SN SN SHT SR W { UV W W VU SR U R S U S ‘J TN WY WO SULY S S G SEUNY VHN WA SHNN GHY UV S SN W S S U U U G DU SR | PAEDI W U Y S §
2 [o.o080 +¢.1eoe‘ Ty, 2000 0, 3000 5. 4000 Vi ) iz, ot 14} 160 1A} 15| 09 121. 009
S P U W U WD WY W WIS W W'Y N U WS VS WS WU W D WY WU VG WS W U N S 14)‘lAllllxlxlu.ll_jxlj_xxlle_xA_xLALiLllAlllLiJ PN W WY WS WA ST U S VO § PUE VS S S S W W W
2 |0.0000 . m +2. 0009 *:.wuv . o War 1l +o. bou 1. +0. oty rr.poow  +in.000
P S G S U e A VU S e i i i i ; I U SR ) T S S O S Y " i e " " i A i " i i " " i
gl 8. 0000 1259, 0 1500, 02 ﬂsa P “Foou.v o 110 r;a-.i v B R, +22b0, 9 2500, 9
DER a’ RT-36 10:Ed:27 Y bis SCAN InT=ppi00:01 CHART Kaisitnn/gRt= 1924
< - R - = .-
Z .
< a7
[o] .
2 e : 44 ) ,
9 1 \:L)Q 8
V) h — .1\)'-\_; e
2 —_—. i . - .. R
< PI-07-86 10:85:25 :
w 63 17 '
z .
~ —_ g - - U —v——
m .
w S
- 1
() .
ul ‘. —— - —
. 47

wy wB-Ll-2 3

g3 on




CHNL UNITS PEAK  TINE_ UALLEY TIME  CHNC UNLIs PEAK  TINE  wALLET  TINE AL univh Pews ' UINE vaLiey ' ape BRE
8L F +143.13 414145 +87.603 {4:14d 8z f +474.88 1101193 +t47,014 11016 14 Y +18,d%2 L4:1p -, 02964 11§17 R
45 . U ..»tig-us 11:46 =, 04112 11148 16 U +.0240% 11010 -.0257% 1116 oddo Lo Lee 814 ddiae +u.SaN3 a2biy ]
PHNL UNITS PEAK  TINE ALLEY TIHE  CHNL UWITS PERK_ TIME vALLET TIRE  CHNL UNLTS PEAK  TIHE| VALLET TINE -
PEAK/UALLEY 93-#7-86 11349519 4B A . DATH 11519342 ACAH Ihy=pe:deiel | IHIEHGAL=A4:hRiea
46 . B2 —— =35 AT . i '
Mo i¥ - d
6 4§ @2 AT
U B L i
NES 17
AN __pes e QQ :
N S0 aD S a7
‘ —07-%11 115199 :
65 M 17
4 :
58 '.92 :
BT ™M by T
< 458 ez i
TR : o
Z s W i
O PI-07-86 41:16:49
z §687 TUBL - -
R LI 17 ,
Q1 ¥ : St :
I OURs W 47 FLE v
5§ : a ;
L EAl R .
4§ e 47 |
e . R
:%;L:;ls.:;ll.ilL ._1..,..1‘ P S S BRI FT R B ...._];AJLP..
| 8, 506 42,1000 4, 2000 *o..wa T 2, 4y . r14y 10 T T 21,
0. 9009 +1. 6008 42,0000 +3 aeaa ., VOLT T41e 6 jm 1. o) +4. by +9. 099 +10, 20
i i Ak A i i i n i A U G Y ] i i A A i A I S A i i VU S " —d A i i I
! --4259,88 . . 580,08 0,00  Hee.e MG 1-1d +1500,4 TR 2008,8 . ———+3258,
L ECORDER RI-AT-%6 11549327 EIA SLAN TNTzaR:AAi94  CHART GATE(MA/ZNRI= 4524 .
'En{u L VALUE UNITS ALARM CHNL YALUE UNITS ALARn L uachutéuut}n ALARM un:«_L_ u«LJLG_muh ALARH
4= +41T, 5 A +2A%, 55 § 14  +2 6 " e S A —~~--~~—r-—-~—~———
3 _36 +.98556 U 17 ti.146R
o CHNL UALUE UNITS ALARM CGHNL  URCUE UNITS ALARY CHHL  URLUE UNITS #LARAM CHML  URLUE UNITS ALARN
S [OG REPORT  83-87-3¢6 1i1:1%5:02 i 38 TAL UL SCAH LNi=n;8R;n] YT Rt 2 ; b
m !
@ !
2| N \69 ) :
o [/{}\O N :
I OX/}J ;
(V] - - 1 - - -
Al |
< .
D' _— — e ————— e s e e e e e
g i
2 .
m. o oo !
3 |
ol S S
2 | i
b j
v

WY ®-L-8 3

@2 on



ESTERLINE ANGUS INDIANAPOLIS. IND.. U.S.A. CHART NO 832DS00

14 Ry & ! A8
=-t6 18:39. . T -
ik el 47 K]
: 14 R 4:;15 ’w v
RECIRE 48
M B
# o7
-2 ' -~ 45 g -
IR - W | | ) {.'\ L=
ek PSR S W G U (D VA VY SN U S SN S S N S Sy S | TR S VS WA R U W O S U S0 S SO WU G b b b, P S Y S S W G
o.um ﬁgnim +y elm +c‘-.im 5, ma U=t 12, hiw 14,108 o {ie fae 121,000
At d a2 2 3.3 a A i i_4 bk PN VD W W VS WS VI S U W W WU VS W S N 4 Lllth_LALiJJJJ_AXLAll‘lllekJ)) U U VI WS W W S U 1 A A b . A A A A A d A A A 4
8. (08 +1, 1009 +2,0000 +3. 2090 + a VULT 14-106 . 2000 ) 3, +9, 9000 . aee’
—L= L i i A e i 'y $ Ad i 3 i i " L — n 4 A A2 U S T -y Fo—
8, 000d +259. 99 1509, 09 +T=B ae ) um u Wi-f 1-1s : fmw.u +109, 1 28, 8 +2230.0 +“5m o
ECORDER 03-441-86 18:38:34 bxi AN LNi=yea epind Lank] KAEILLHAANRIS 192y
.1y i R -
g é
A4
r-;...ﬂa 153 ) : . e
HeS M 17 . |
[ ¢ . i
48 M a1 Sl
145 81 a1 7?—‘ -
'1.1--80 19:37:144 ' Z
ue : ! s
EiT — W‘
E— ! — \
17 ‘ ' _‘,
a7 : - C
; i
47 N
: )
EY I -
: (
17 oQ
: - - —=- &~
At ,l
11736 10:34:29 if - i R >
4 i i PR S WU U S VA VS WS PRSI G G G U S U SN GHI NN UHI SR SR S 1 i A a1 Ad e PV VO S S # Ao b d 4 d g S
a.m +r.' 11080 ﬂ elm +c‘-.3§a +3, U as N 12, 6an t14(ma 1600 +15{ 9 +21.0008
I VIOV VY W0 WD WY S SHY U ¥ A A 4 Ao i A A A 4 Add A 4 4 A4 4 U U VI S Y U U SR N G SR U G SR R U VN SO By P U U S G U 2 S 1 ATV WS U S U N | U A S T S WY U S U 1 Y T U U Y U SR W U T U B S U SO U 1
0. 0000 . ﬁ.qm QMO +7 3&60 4, 3000 “ULu 14- 1c T, J +1.opd +3, Jofw +9, 3008 +18 MJ >
i A A IO V—— e " i i A 1 — —— l n $ U S R A " L 4 n i . i 4
A, 3000 +250, 99 +=aa an N KD .e 2 Heaa.a u; ur =y +1580,8 +1790,9 29, +2290, 9 +2500.9| <
‘ 2 ™ e b o LML } 4 S [~ )
] ”
CHNL YALUE UNITS ALARHM CHNL  UALUE UNITE ALARM CHHL UALUE IJHIT> ALARN CHNL  YALUE URNITS nLﬁRn : s
8L 18,253 F 02 +79.392 f 14 -.02223 I S £ S I [ SO 1. |
\ Deie J
CHNL  UALUE UNITS ALARMN CHNL  UALUE WNITE ALARN CHNL_ UALLIE UNITS ALARN | CHHL  UALUE uNIT3 ﬁmun l
UG REPORT DI-41-3¢ 19:15:3%9 i L3R OAaTa fasdz:27 ZUAN INT=00:09; ﬂi : INLER'JnL- -q.aa na } !
Lt'r-.rrrn A Ju 2R BV -~ Y - - - i



1 [ - - taile T it by reor.

"hk/Ué[%EY Bi-12-§¢ 5z i CHN 1H1=00;09301 IKTERUAL = '

' 8l

u B2

13=66 19:20:85 - - -
#1

"

1
%c-
Lo
M

<n

’12"80 99: 58 ‘N 17

L 0. 6089 : t2.iw . BM

P U N VT U VW0 T Y Vv U U SO U U SO

PR R S
fom

Aded i

Led. A S S W S T | l

1. 60

LIAAAAIIIIAIIAAIA

S SN PR S WY SN VAN VN WY SUUEY S T SR SUY GH S S 1

0. Yoo U=l

M U T S S G W U U W T NS S S WS S W

B T W W T | i

W1 . - ¥ Y

A b dod A A A A A

INDIANAPOLIS IND., US.A. CHART NO. 8320900

ESTERLINT ANGUS

17

9.0000 ﬁ.m *a M fJ.?um g WL 14-1e fo.'fmuu ti, +d. f‘i.jm +14, 098
A e 4. i J A i U 4 i A i i i e i . U W § A Ao i } i A A i } i A - i i 1 e & s i i i
9.0000 +ase.ga +sea +{50. 0 . riedn. b Pris~t =12 1509, 4 - -y - — B —-—*;-!rimv——-—fmm

RECORIER S A M BT S 1 &3] L B G R YL D HE S KHHKL ERILIOASRI= 122

EA CORP HRL UZ.D :

.. - r- ———————— $_;¢__ . ———

' B¢ A5 AT . ! !

T ; -—‘8 SN / / e

3-19-36 95256110 : : - (70 - > }

p 45 4T Otwen ' ?3 ! :
) . {
.m_- —T /5(00,52_ 94\ B e e

! : -3y
PI-12-80 g6 46
SR

S O VU SO

'
|
i
$
|
i

‘ |

T S L T

(3N y

Pz Co '
o4y A% 47 e g S —
) e o i :
E -01 a8 43 -: l
_l‘.; r= : e mummem————— T = e e
148 "‘u m ad 3
Y9 L e e e < — e
A3~ 256 89! S‘~ i ; i
N G T Y i i [ i : i P L PO S il PR S U S SN W S | i PN S i b 4 1L PR S U VY AJ' R VOO W V1 i
2. 0008 +d man 4, 2080 +h, S 10, 4o Uz=is 12,009 vmi I i, S0y 1—13 " 121,000
= I WU YN VY S VY T W WD S U S S ST VT YU SHIS YUY U S VT AP W T S VW S S WA ST WY TS GO ST TUUY TS S S U0 U U WA S VO SN N ST VUM W N G T S VUM G U N S0 VN S SN0 WA R W DO W1 PR R I CETSE ~S¥ HIE TIF CAF N SN N W ST T S0 W SN 1 PR TR BN B B St L3 T tad
0.0000 +1,9000 unuu +4, ) w.mm VUL 14-1o T, Uy *i.'IMUU . o 9, gy ﬂu.wj\‘
PO i} P S — —_ P SO G e PR S S U G S S S [ S W W w—
[N ) +259, 00 ; fsee v {50, fmrm 4 (AR R ) Tiem, g nwl 'J B - LY. tw,n om0
FECIRNER QI-42-58 A3 5828 1 J 5 SoAN LlnT=an;ndgar CHAK] Sair (MAsHETE 1S 1
tnNL VALUE UNITS RLARRN CHRL  YRLUE JNLiE ALAKN Uhbe  UHLLE UNLEE ALARD URNeL  VALUE UNLI: HLARR y
Y |+r5 *iiq A2 t65.49335 7 14 -, 02578y Ll B e L kT B TR
[E- Y . ) :

lE

i7
{HNL Ha
(1

UG REPO

V‘r —J'

i ALAKH

. CHHL
LR1A i

. MALYE unlils ALARND CHHAL  YALUE UNLTE ALARD \
Nilpise

SUHM lnizpnsaninl © ANIERUAE =240 Uk : ‘
i B

'

AY 98-11 M\

Avio



|
| e ;
: : : _ R .
e wié:sa:sal} FA S 7/ 5= . e

~.1\* -.Bé_l 15 ’ 1,
T b o s =y -

- . - W X3 SR - . W\\
\I-42-86 123528 11 a5 ! -

—_—— 1
U D R S | " ek F T S S | PO U VI WD SN UV S SEEY GHU W S SHE NN SH YUY SH S W t Y U N U SHULD SHE U VS VN 1 FE W U S S SR S { I S S Il S VR WS W Y
LN +2, 1600 +4, 2008 +45, 3089 +4, 108 id2=1¢ e N Tl it 164508 +18{ 900 3. am
PUT U U U S S W Y ALJ....A‘IJJ.AAAn-AALALJAA_LAL_LLJ_LAAAAAAALLA,LAALJ:JJAAAALAAL.(J..4AA1A‘ P U U U S WY Addo ik 4 4 s
0. 0000 g 24009 +3, 0000 4. Jedd VLI 1416 +1. S0 *i. 3, By 2 +10. m
LI U SIS S T L i i i i = 2 M i ot L d A i A PR SN SRS SN W S 1 PO R 3 X gooimae—y . x I

+1680, 8 ['E'.v"' 1‘1’ 1.9 p ] ) +2240.0 *°5M L
o e - N

ai , :ﬂ»d v i’,- " ' '\
,-12456¥$50:5§ C e g ) X

ESTERLINE ANGUS INDIANAPOLIS. IND.. US.A. CHART NO. 8320800

R L Rt Sk e ]

|
i
ﬁd/
¥

ol 12236 1209047 :
ey | ) e s
oy —_— . .

453 B2 :
45 Bt , S
5 D). %ﬂd%,(b o

3—1“'1:12 48 0: a7 0T

PO S W S G U S N S VR S U Y S S VY SR S G S ST S S T VU WY U AN WA S T I NI S S VI SH T S U S SR S\ U W TON S T PUNE ST U T B N

0. MZ' 1000 +4, 2000 ld 3080 +5, 4008 0z-17 f-l..'.tﬂ@ +14./708 HEJSM +1534909 +24. 0081

bbb U U SO S S U N WD S U D VAT H S0 U U G U U S G S U P U E O S N WD U VI S UIP VI U S S U0 G U W S S ST U U S U U WPt P U U U W st e P " bk
8. 350 . 0% +2, 19000 +1, qm . 3060 WLT 14-16 500w v (. 3060 *3, . Ew +19. 099
Al i A Y e Fu— e " i i n i & i A, i i i i " J i i d. A " A i i n el b i i i i i A
+250, 0@ 500,00 +750.90 +1099, 2 LEG-F 1-43 +1500, 9 1748, 9.0 2299, 8 +2590. 9

9
LSH SURN IHi=ppign vl CHAR] - EATETNA/ART = "T95Y

CHNL UNITY PEAKR TIME
14 . _\u =, RB2e2d g2 44

3, 2000
LCORDER ~~@3-42

ML UNITE PEAK
CF +1

yooo-,
L UNITS P

1=
by
il

-
™
-

CHNE UINY TR PEAK TIMH va

Wg 92€-71-¢ ™M

9

| M

JOCH M



ESTERLINE ANGUS INDI

MADE IN CANADA

13 v TS 020 14:40 TE.d731 1k 2250 1%i%6 T,07204 1414 i T BT ANINO THL Ll 1MIY
NL URITS PEAK TIME WaLLEY TIME FTL UNITZ PERK Tint '-.{ﬁLLU TLiHE CHNL o llj YER TINE) uatlEY TINE
K/m{fj‘—‘ﬁl;lﬁ 36"1‘“"[31& : RSP UflE 143486 CAN 1M =BR RATRAT = -
;16 . ‘82 : ; L) "tl\-\ \ : !
-;4‘-_— % -y >7-—-{i'5_“—‘ B o '_(--...‘—\) \ 6 : ST ..:I'
i k ,ﬁr. ! J ?)@ -
44 T an
36— - @ o s T = =
I S ki WY gqﬂg
*14“’ o) 15 i 1t
16 Faz i I
p3-13-56 14146138 ‘s M\,
.!_4_ el M 45 - ;:_ -
- is m /) W ':
T Vi 1 (096 23 | a0
e RN - e i .
Coa B s it
-5 ot L .
ﬁa 14 3101 - 46 / C'? 5P MWVEY &7  ha
46 b 4 T \E‘ ~" “ar
pa—:*-eo gt opev UA 105 RP - S
SIS i3 1
6.~ n o - -
i CR ] 38 ! "
26 2 - ' o
AL B
49 B2 ; ;
e ™ 15 S - di
543-56 14:43:54 15 . 'Z . a7
i A_d bl T VN LU WO WP S S " bded i F | i i —— ) H i i i l i i hend PR SR S U W S § l TP WHS S SR | n i O S i i i ). i
+2 mm T, 3&30 +4, 3280 5, 4220 02 17 e +1~+ AT 6,508 a3, 2.

_Bm

AAAAALLJALIIJAA All_A;ALll‘LLAALLLJ;AA_LJLLALAAAA#JJAALALA;AA_LIAAAAAI PO S VS T T W U U 1 PR 1 VU I U O S S S
a.mo +£'.~3M€l 4, time +ﬁ 66@8 +;E:.Br38r'.\ L’ULT 14-17 t1Z2, »Jm +14.maa +16,/200 +13.000 +29. 008
A 0000 +.-_56 m __ toed, e ﬂ‘a en . fim.a 1‘ 13 TEHP +1 -Br\ »5 +u= N) +2098. 9 +2290.9 +2509, &
ECORLER B3-43-56 44:43:i5Y i B SCAN IHlzOW;RR eg LAkl R fEonns [ps'l- 1924

In ZHN £ an. r.mi _—-é."m;tf_'f- FINE-

2: a2 181 010::., 1219 g -. 81554 12457

21 3 e 1 I LA667 L2197 +S.ot'31 1';;':57
ML NL nrg_, E Hn [ VALLLT  TIME

:;Ian I 1 &TEKL A ;98: 80

h63 BL

_11_&

1&.2\4 15

YR U SR S W TN SR S ¢ IPURED VN W VY WS YUY VR WA S G SR S Sy i U S St i PR R VR S P W S S ¥ PRt Al A " U N S S |
a.mm +2.maa +4, 20080 14, 30 3, 4R Wa- 4 *1.. mn A negem il 1y !
N PN s S i A..AAJ..TK‘-.JT‘.x\.“;U:. RPN S SR S T )

“‘-

KRTINE V. % 0 )

P

DO Y ST

H1

Wd <-¢



HNL HNITH PEAK _ TIRE WaLLET TIME  CHHL unNliz PEAK PAME  WALLET 1 LRE LANL UunNIlyd PEAK TIME] VALLET TINE
~F - +4G4.32-43188 97,266 12306 6 v LRI IR T AR O - T R B N F N Wy P uY VY

Rt ] +9. 4446 L3157 +, 16526 13:56 i6 Y tLiTET 13158 +o1259y 13057 10 Yy tS5.04 102 1315 t1.7453 15:}5?

HNL UNITS PEAK TINE VRLLEY TINE URNL UNL1IS FLAR VARt VALLET  11nt UHNL UNL1Y PLAK VLA VALLLT  11AE

EAK YALLEY A3-46-348 13:30543 i Rip als 2305300y  SCAN [N{=00;0a:d4 | [N[FRYAL=I4:00:08

16 % ' 15

3 M 17 a4 . . - !

P S SRR 1 T

25 ’e\i m odAT

45— R L LY 5?A 5‘(9/‘1 /&ul - | I

'y oi 14~' AT
e T a5 o) - 2 ,/”

P3~16-6o 139557 17
JLA;A;AII'ILlAJJPLA;‘AA‘IIAALLLLJA IV S S S I G G VU WA G W VL GUL ST GRS S S WD SR G S I ST S S U Y O T G U G S |
< 19, p009 +2, 1000 T, 200 +6., Jog 3. 4o ug 1 12,600 N, M eI IR IR ) 21,000
9lLAA;AAAJleLL‘ALALAJ'ILLJAAAllIlAlAlJlALLJAJA;l,LALI'LXJ;AJA;A‘LLJA;IAAJAludJ—LTLAAA M bbb b g a2 a1
z ‘e.m +2. 0082 +t, s o, b +5., ) VoL 1»-1. 12, ooy 14,000 16|09y 16,004 +20, 2w
< " i N SR W i PO S o A 2 " § " i N i H a i i L i i i 1 i N a [y " . Y 1 N 4 i A — A A
/_0.0_000 o 1250, C L m.m +90.9" . riego.y 1-1s ILﬂF 1%, 8 B 15 IR . IR 22250, 125800
¢ RECORDER DA-1f-de Q88207 i pip ZUANH [pf=univrgng VHRRY RKHAIE(HNAHRI= 4524 i
w o
Q pE W Al i '
2 :

5 ,; e e
23 0 AP ©ooAR :
16 ‘-}-L} : ! I
}323 M ad oA R !
3-15-66 12152136 : - g
A : i 43 e _ _
PG M '17 . i
s M a7 o ) )
¥ : T
s Yl !

e i e e

[ 15
S
]
|
|
]
i

-——g‘ i
0
[~ 3
-~
{i)
—d
~—

_15_ 1\-. 5 7 ‘..A_._._A...A_..__....,_L_. e
8 FL Lt.i 113 n AN S S W IO TN Y S S | .Ll FUNED SN VRS WS VRS VA U TUUEE SN VY GRS TR N SN SU VHN SUNE VY S U SR S T VAN YN TN NS S S| I_LA%LA PN S G S N b d 4
2 {6.%&0 +2.11m m%m +r-.3lz‘ﬂa +5. 4890 iz 17 1z, lt‘(rm ﬂw;h)a +16.1600 ﬂ':".?w +21.009
YU W U WY U U S Y ¥ Adh 2 4 A 4 4.4 i Y IS0 VU S VO W W WOV YIS U W W W S 't U U NG D U S S U O N VT W S W S G S S S S T S B L;L;#AAA- U U U0 W G U B B | VU U T S W U W B § Ad A 4 s 4 A 4 )
ﬁ 10,0000 +2.0000 +4, 3000 +~.0mn +5, 0080 YOLT 14-17 Ho.e m.nea 16,098 FIB‘ 800 9.
" n i Ak i i P U S N I DS VU T | i A L A } n i A " i A i — ) —_— i i i e, i e A A
o} +569, DA +:'xt\.Dv) +1099.9 113 JEMP +1599,9 +1758 L\ +2040.9 +"°56. A *9560 2
2 4346437 <P YR = . 'y T : ; =t — o e e o]
1
- - i T oA
< tqu SHRLUE nnIT, ﬁg%&n CHNL  UALUE UNITS ALARM CHHL  YALUE UNITS ALARD i uQNL uzbuklUN£rs ALARM ;
T PRIV UPEN " -.umn u L 14 r.@Rai1 v : I yi ! :
O 116+, AR (1 AT R PR T T S
EHﬁL /ALUE UHITo ALAaRN  ChnL '.anr. UNLi: RLAKR CANL  VALUL UHLLE ALAKRD ' OLHNL  VALUL UNLIZ ALARN '
; QG REPART WA-4A~AE 1hr8M: S v SALH fatp=:2n LA LN[=paiud;ng AHIEEVAL=0D 0R] 0] l
5 N .- ; - U i . . © e+ e ._..‘i
o i .' i
Z ! 1' | ‘
s e e o B e |
0 : 1 i
5 ! | | !
(U ! ! !
< | ‘



— o R

~ f(ow’f

[

_—— Flews opeN ”‘{.0

?3—1".*-36 14: 2547

PO G U S S S U U ST WY W S S PURAD WS VS S0 U WA W S S S S S U UL S W N U S0 WO WU YO0 W A G U G ST S S AT AT RO [LAJ.AA..44.,L..L*.ll..1L1....l

9 5] +4a, A9 +o0. od +138, 09 +HEQ, 00 16-CFh +244, A 200,90 +329,49 +360. 99 400,80

U U YOO VA S U VT U S D G W VY VUV S S S Y AAAA-A_AAAAJJIAJAAAALJIAJAAJAAAJIIAALAAIIAA‘LLtlJAx‘AAAlLAAAJJ;Anlen11111.111114111411
4

;?.M +c.f}3&\ +4.BBN +6, 2089 +5, oAty Um14-15-17 ti2, 36’3 *14 600 +16 666 +13. 908 +20. BM

i i i n . i L i n F U Y U i n i 1 i n Y A o B A A i i i l n Y S 1 l
4, jooe +‘€ .a m +750. 20 _+19889,2 1-2 DEG.F f;fau.u m -a a wae 0 +2:90, +r.'5m.0
EECORDER Na-49-36 1‘145:51 1 Rsp SUAR INT-nQ w9 LHARR] RAIEIHNAHEY= 192y

anan

e

MADE I

D2
ADDOST Powers oA/

& cF?
a1 rues

JELHC LT 17

P T U U S SR SO S U S U S U U S W i S U Y U B S S S S U S U

9. Bdd9 1, 3pY +220, 09 +1290,09 +160, 09 It=UHn 249, @ 250,40 +329. 80 +368. 00 490, 58

P VAPV U W U VAL S U WU S0P S VA T VA S G A WAV O W W YO VA U O VA WU 0 VO0 W VA Y S S S G U Y WY WP A S SR |

U D SIS U T T U S T U W VY G U S SV U U G B BV ST S A U B G T T A U ST A AT e |

N S U WY WA G T U VA U VI WO ST W U WOU U VT W U SH U WO VA VT U S S S ST S T WU Y VN U UL S N VPO Y T

.m +3.me M.mm +6, DORD ¥4, mw u—aw—r—u 12, g 14, 00 16,100 +13 m +29. eeo
e i — A

— P S i — b s N

A Ak i { n A

f;__, i 3 ﬁaﬁ aj 53, *mm. 1 1-2 HiLlF 1150, i W=l T, 0 cSt) 8 ;5%._

s

) 00&3
1 ‘ELURHER ﬁ} =19-86 14321245 1 R SURH Ltfl=wrianiys UHAR L gt i tfsnbtrs 1384
s 1 i

o]
o]
g’
(&
e,
il
&€
O
z
+
[’
L]




(.,

n
)
Q

POL!S. IND US.A CHART N

.
P X

.,Al

!
'

P&-e&-so BRISIY 22 ] o\ ‘

R U S U DS ST S S U U S|
$! 8. 0000 +358 05 +500. 08 +750, M +1683, 8 2i-2% DEGF +1508. 9 +1750.8 +2090. 8 +2250.9 +2500.8

0[....A4..L1.u....‘+1.LA.LL...|.L..L....-. T UT D U A A S U S A O U G ST BN AT el B SR AT B |

, ﬁlm *2.?&!@ H. Pm . ?M@ fh.leﬁt‘ﬁ AT fl?‘.;ﬁﬁ‘f- +14. 8400 *161&‘3 *1?].-‘”5 129,80

P RE T TEURNE SN T TU RV EET TS T TUE P RTU R T U TR TR UTE TN TT R TR T ET BTN E T ORI TN U S B TR W W T e AAALAAAJA_LALAAA_A_IAI Al i i i s A dd ) Adobd bbb 42

Cfaie.oom 4. oo +1, 2000 TR R T 12 A v 7. e . 0 40 45,9900
“RECOETER AY-Q5-56 3315144 ERRQR i BB ZeaH IdT=0a:an;a4 CHART FATE 'ﬁn ﬂﬁ“ =4

=T AR Go RS
(d Ly

e oA 247V
'00‘0087111" _
i i | S " e i . " . " PR VSR TN G SRS VR | L i PO S | " A L e}, PR S P G

o 0000 +350. 09 500, B0 +150.80 +1068. 9 -2 lr +1580. U +1150.0 12090, b ﬂes:a 9 12500, e

lluAAAAAlAIAAAAlALlllljllllL‘lllJLLl‘LllLAllAJlllIJAAAllll“l'lAlllAllllALllAl‘L*AlA‘IALA A4 4 4 4 4 & 4 3

/l) 0. 003 +2, 00080 4, 220 +6. 89A) +5., Dye 3—c, 20 +12. M0 14, v e, s +15, 030 #90.60»3

IUNR YOS TUUTWE ST YWY T ETETY DTN T T OO T TS YRR T ETweY | T T T T T T T U TN Y TR N T O UT U T TR TE R TR T wwY PO TUW ey |

V‘g:pm +.6000) 1,00 _t1.50em 12, 48 1-2 & SN . e L. T4, g +5, 4 +6. Mo
LCORLER AY4-R5-56 A9 14:39 LEROE 1 £3A el [HI= nn AN N1 i'-mam FAIE (AN AHR)I= 182

w_,unl'[;}"gﬁﬂf,‘ . ‘I;[ﬂ'i_:‘ VALLEY  TIHML uhNL UNLi: PRAK Tipe  wriiri i 1M PN VN IS P A ViMr  HE i rY T

wyY 8 Ndv L



ESTERLINE ANGUS INDIANAPOLIS, IND., U.SA. CHART NO. 832D800

ST LlT .‘ s

— e e e - P T T Ty NS L U0 S SOy VAL S
¥

tﬁkglmnt' TENML unlf”.ﬁﬂﬁyﬁ;liﬂa‘ VALLLT “"iane) - uniy unity. PEﬁﬁ“‘TQHt' WALLEY 't Y 19
:au.i,ng,“,u‘ % FEN TR E I E ;H‘Sl-”JuJLH;U~..JHkLQﬁJ“L&.H! AN L ‘

UL AT 24 - F - f-+1- il AR AN TR AL IR S AL R *t?tr*&-t+ieb +64 adb-44
) . TTTEENL YN TS RERE " 1INL *TIHLLLT TTIRNE T UM URTIYCE .

IR LD PN . ST MY IS TH EY HIS Wl *Lan_xiL.!!Lnn;!L_.'

PRV FoV) (S S Suiv SNSRI fut

e e e

MADE IN CANADA

1 L DT TR UL _,.._.....J._._.,. D U o POV [ 0 B A, - - e -
 —p T s e e =t T
______ S - T 1 P A T
-1,__-__._:-__ . - PRSP TN S SR I RO B -
' - el e T — e Ve - |t e
- - - -}4. PR
- - .=t '
— - - - - R - _—e
- . v - ——-)—< —————
: LT S . 2 (O l
-4 ke A A A A A A A Y N " P TR Ty SO SRR T A R sy 5 T I L
—— —— s pagm P
R v P T T R Y NN TR 42508,
T ST TS ISP NPT S AT

T

- Ly 1 oo T - - T ot e - - - HE00-

I‘ -
i PN W PV SN VI N U FO Sy S O S e O S
—d PR B - -] ey P> W ———
_SCAN INT=¥0:0d;:94 LH ﬁI hﬁILlnn/rhr- 1524 - s : o

R 24 )
N s V
(e TEE LT )

l
~Ji
~

-
|
-+
~N
AV

——— o e

cee e . . . o —) R
I s e e R | R N S 9
X xf  minh oillans bl o et Gam: e el S i il L I e dopmsl wosuns & ) S Snoum s ¢ ) Sl AN Sl WA Riad Lottt ket sduiih el

L‘l I—7F 1

e O e .. : R +1580.9 47p8.8. 7 T £2880.8 260,86  +3500.H
¥ RN "’6‘ TEShbom Gy el SR o ol _t15000 20,00
S " i Fu WY U e i A i VR SR SR S . A b i i i i : 1. oA, i , i i

| BT A '_‘..L. = [, o0 - -

900g - 11| T4 ; €FY 2 oz o N A
(EDER . LA-13-36 :rbv.:v.“‘-*—.“"' it 57 il 1>, iTsad;00ie1  CHBRT Ralt MA/HRIE 152
t

NITS RE INETURkLbro e | oai utLs ek Afin fvactey time]  unne unaod vean aamel varigr  rige |
Bk R x ‘-nagfigﬂf.: v 5N 95 LIS 10 Ol P SR 1 M i t18,335 43:9H +.08744 13 5y »
CARY 43884 =L 84 T4 44 et + oeidbg Wi Batug|venilne adinl Ed 1 [TRiYore L1804 tLid, 09 23148 i

Li [ R P

ol
IGLA S AL AS AL AL REEEE (2L 4 18 o £ 4 T T ¢ o

9

m ﬁ.m

h

i

s

L=z
f@,“




+20.088)
- .m
{

3.

il

- S

. mipa. ¢

, .;_ E
. N 3
o
3 . -
R J o ' &;
| 4 4 ! o deee ;
_ .JNA ! ) { w ! ~L 4
m m. .r_._” m. m .. . e
oo1RIg ! =11 :
{ - . P : w | m =
i 1] ] ’ ! 1 x
e ‘4 rm* [ B “ m ¥+ 44l = “ .M
hid o : . : - I ¢ [ Y I I - Vi
\._r. b [ ”m -y ““ b CIR O .a.“ a ..m
1 1 m » . 11182 o' | @
..ul i . E ‘ . - Y . YN
g J4E 3 | N Bk
; E - v i CE ‘ ' - [Ty JEN | IS gL I 3 E
1 1ei81% | | o % 3 1814 3 FRE S
T € T3] ] ; = : . — R E.@IU o
._.. RN E Uﬂ. ; “ . L sy vita , . f“ q .- M‘ﬁ- .‘MM._ - >
3 0 E I | I B X , 1 IR AR
m SHIRSEIE I B R e R
[ 3 ) H - . . - i i 3 s Sl . b B
3 SR A (EE s O A i ; T4 EL E3 |1 ¢
4 i 1 .@ B IR ¢ § 4 i 1 i {3 . n. b
i \ .ﬁm.t_.;.; m . L F TS BEA Fie SR RES
s ' . S . . p . . [ [ ¢ e IR IR
e 1''d . o .
re T

i ) — :
UﬂL 4 -w | m B
1 yg_ .. 4 4.8 R .J_
- . ' - > = =" T
-4 uW» X , _ E nﬂ x M‘Nu x
£ ] ;o . i 4 T i ed x
P 1: RN o 114 .m ALM I
b1m 4 N i = 4 | = z
ﬁlwn_. f R et 5 - 0“ ;
] : di - , D B s Bl &
{ EE T TR e
.*1—. . __ ] .= . z
3 ~“ B o ‘ | ) U UM .z
1 1o RERRS , ; T "
: I CRN A : i : 3% & =
_.J P ! ! u - -
1k T 2 :
N o) ! 4 > ?
IR B vy - - . .
u_k., i co . > -
M.nnu. ne oy w .“.u.f M_i
. . H J . i D v
B ; : . ; 4
E .“m,_m N ...A. M..um
| ik Iy SN ;
A““ L4 A ! ) . p » ’
B N I -] ;¥ s
E Pden i ' y e )t
u Frm.* . g . - _.41,. .__
Jig i1 : i] Pl
e} RIB 1| ; : Mn ,_m
v ¢ t 1 28 i
Ia!m 1 B .|t|..+ i (L
i . ! __ E: |
: ﬂ K _ 1 e
! M i ik
. i _M
fig-2h 3
d
i
1
1

I

]

i)

|

bbbl

LT

C

F )
o

{ ot ol el o e wd wd d d P

IS N O S

i

p——
B
3y

e

Y

5

EoF

Tt

'
.

P Y N W U S

[P

em b

‘W{tb{—t ME

5 i . 3N 1T
mu L it uh 1 (1 Tl ; b
XN } A A N aEaanlN 1 ) kg
NN 370 n TR uH‘.jg:LJ- npadins TH T TH
1 . 4". .14 i L ] ﬁ- L L ] J_‘..:QJ-T n -h . od |-
NERNER N At A » J _ L jLENN
| .T B K § s 2 HRN
1HAT Y 1] - 2c(fp 28 NL IN
1A R i R iac Tankann
i .n ““ : _J”A .*KT»_ Q\A - 1
t1.14 b - - 01
REE h FiRaFes m
Ll
}

i

I}

bt e e




/91

~ -
Y
] H ; i
24 i ,I_'.I.I. H
BN
_ T | ] i
: ot s _x_h b s
i [} oK . i s
' ~ on i “ “ 9 i
4 - 717 b [ 5 ANg
nd | NN =3 R8I
i SN pane
g !
S Eaukednsd BN NN
—— :.!i_h 0 i nulmL_rlw- H L
NEREENRRRENE BRI NN NN
- l.Ll.u. -E.l,.\l _ _ " "| B! _FW
lu.r g .T..__. r ] u ,
H e S T & S
P 1 )
Y $- I
‘m_c L R eR S
- 4 RE>
| : o
e |_4 | 1 le v.;?rnk_,.‘
T ld ..ll . ! i nmhx _
"y ... 1 1 » n_llil
L% i ; et i
[ k LIT- 1 ]
u. BEY m " auc
BIL R, N + AL
J01 1. 1 4 RERN
Bak ¥ g ; i
)i ] Ll (RN
..,.x S 3 S Al
DRk SNRNEENE il NN
g L . (e EER]
"..._U”M O o 1 (1] RN
4 Uiy 452 Pt [ 7y ] N
i1y DR 13 £ |
“m 4 NN PN . AT A ..mu _Hm.
Jye R ) L
SRR ) | Lo T
Qi L R NI RERN
(I e R ENDa. ) RN
Jirs h R iReyS .
Ld N A Ul L kio H_ou_\.. I
50y ! el En e
= S hd : 1 1
- ..LL. i i 2 vHY i B A el A [
I : ! _ g AL Wt i | ;
13 ] : T IR=E3E: I :
.u_ i u i1 4 to m -
N L0t ! hiRRhEaBE EN -
“.T ; : ! _ i A4 -
f _T - wﬂk.f.... =
| L . N H L
(] 4 | 4
! | < ¥
(] RN P ] -
I ﬁ.ﬂ_ A L 3 4] ]
qrL NEEY R ) WD (N S { i RN 5 N 7
i i L LQUE L o) e | i) } J
J RN RN J ) el g T z
Qi N R Tl 1
iR e B :
! i I N ] L X #-
i ST b
11 1 SEEEs T H i T
YN LA g jLo_ 5 4d4)-)-
i 4 P ;
..... “I_v_ .. - Lﬂ t
RN R -.-._“ ) B =
SuREELB ﬁ . rm aa
-1 - Wiy 17
.Ml 4R _ - m r.L - - P .I_rP
IREERE J At T 1] 2 L N
R AT L THH; _ BT "
U -ukﬁ ;.“- NRENNRENRNRE | .g " X
qre EENERRENENA RN SR E NN AN NN Ha et
T aff o | ATy § j i: ZLics
(R (R AN AR *. IR ANENE RN B
u | ._.Cf { {1 ! 1 1
A . A0 Lt i L4
FEELELE [FH B a0 LR R R | . . .
d RER ~ N TERIES R~ A ! - ] ; :
AL%H .l_.. - 4 t \ﬁ * I “_l _f‘” r.ﬂv N ﬁL i 3 ] n
AT A REREEA ¥ . 1 1
TR e | e e o ga=Enran T
[ ] 1 | i. 1 L. . > R ¢ ] nee 3 !
YeE ﬁ i zﬁ.ws. 3 * &:vl.h LB ﬂLLm R s s D) ld
T i RN 1 [ Mj - 3 ;
; B4 e e e e | .
-t - L L . L g | 1) : :
NYD NI 30YI ©06QZE0 "ON LHYHD VSN “GNI ‘SIIOJVIVION! I\



MADE IN CANADA

JIANAPOLIS, IND.. US.A CHART NO. 8320900

R S ek NN SCHN SN N —
ERE TR SR - | :'
{ ' A T i L '
L. . SR S
} s
. I
! :
— B T R ! : S SR e

k4
- Y

. . SR AU S SN }
el i - R
o : h o ! !
. |
e e e e e e e e e .{- B e SECUSEI VPRI SRR e ee———— ., 4‘ H
: N i '
) e 'l
DS - SN S ) - [ SRS E VR R -

M-23T TS M L S - ! | | %

LY A Tl Votuish Ristinid lelt bt G 1 I TS S 1 Fhad SRS S 3 i 3. ST N W i} I 1 A 1 b il slitshod wiiik Sl sl 1 b SR W sashand - it Walilind 2 b W |

2.3000 +259. 00 .00 +isd.e +1040.9 g1 11500, 10308 11000, 9 12260.8° +2508.8

U S S W Gl S G W' ¢ PO U ST W VT T WO W L 0 T VAT W W0 W S WO Y PU Y T S S T A_LAJ;ALAIJI;LIlAlLlAA;A'AIJ_LLLAAA_A ded A d L8 8.4 3 PO S SO T S W AJ;JLAIAAL‘

LN R N N i AL . . .. | NP — L o (NI R L T, *1%43.'21 - Ly L1 . N m
| R U T U A S W S W S S CHUD S W W | PR S VR S VO N | L RN S SR I T R S S |

: 0, 8009 1 <1,0008 = | 42,0000 HH g .' 4, 00 | +5. 5008 +6, 0008]

RECORDER  #4-23-27 J42pT:i0d " ERNOK 1 KA TS L TEL T HLLHS LnfKL EALCUAA/BRIE dogy

ROV A GG Ry S e e . U A B Rt m

T
i
H
t
§
H
H
1

k3

7
i
i
|

I
|
(2R '
t
1
'

ke

i

523&7 11:86: l!ﬂ

'
(RO O S S §

A cmee e e

D S

D> <

: f T2
- HE - ! : - - "
| ! .
p1-23°47 41:0314] % » l | p .
i I I Ao 3 I " 4 P UE WE W Y i " 3 : " PR { I i i i . L 4 i " I " i i L 't i I i |
e R .83 U 450080 T T C4TSBde . Aefed i e T R o 12259.9 fgsee.arjlo Y,
o.0008 420000 -, RS 15'1055"_ = '::'3. T ouor e o omMems . tojow +13; o0 +3v.m}?$/
U G ————t U G Y S FUR S S bk b R S SO 't P O e b Armmedd il oC
9, 1,000 | - - - +2, o ) ’ Lth i th, Bn N Al ’9'?‘” L to.eow
RELORDER  OAZX AL (ITQREs — -~ f“'pm"- AN INI=0d:80:91 n:nfm BAlE(NA/HRI= 4224 ]
SRR



MADE IN CANADA

8320900

Y E*’f “FIME | eHNL UNITS PEAK- TIME JUALLET TIRE|  GHnL unEig<pE i
RST JB' N _u H5. 0945 ANIAN [+, a0 102 &2 AU L
s aeo» ;38| -24 F ~t1<i7.w 19551 (vi%,. 326 10:3p de -
t.fn__,i_; cAnL unily PEAR: - 1ant jum.l.r.r JILRElunne uninp e N
n e i RBsA 1~ Daln 19i3%dss .Qﬂﬂ ANl =pus : e
TRTT IO TR BR—— H e ' '1‘ T T — T
0.0000 . +350.00 - - +309.90 - — +15h.04 +Hob. o 2124 *15M0. 0 g8 - +2H0.b T8 - +2500.4
[N U U GO U U 1 43 4 4. 42 4. 4 49 TV ST W U G S N W 2 D U S U G A U N § D U U S W U T U O [ D S N T a Y S dbeemghe UV Y VY S ST VW U | A U WA S S W N W S { S UL N U U T Y
4. 6009 42, . -,“’“‘-M" PSR ‘J 13, Uit 1 mn uw.m .oTie.eE - #1d.990 128,
A o e - A ' e Wl | G s SELEDS caliiiel DA LGN A . i L 1. b E— Y bl - A i e - ' A A i i e i -5 Xl A J AL Ao o - A A e L
& 108:84 CHpRI NnIEmH'jfm--i&dﬂ*——-j e g

! . R - B

2167 am3e] . oo Do
[3:0000——— 42508 ———S0bee — -
I e e

SRR e Chi AR S R ot e
FAK - - TTHME _f{UaltEr . CTINE] ~LHMNL uult-'ﬂt:aL,‘;:_:IIuE..‘
508 L UC AR T 26 19341 -8y - v -l ¥, B3R ng
Ty

- L

o)
I’PYr :

CVARER: -1 A TN RIS S

b -J—lﬁ.,l.lj i l FTI LI 1

m
p- %
- —
| =
o<
[ bd
-.4
V
40-0—
Lo
b p L1
- m -
Boid
et
[ <
v ool
RAg
=3
b4
&
Ty

PAfiag (r15,93% 19319 L rrdoaneIee
COIRE |vallEY .u.h; l.nHL uuu A Y S

VYV VI, 3
—_— -4l 3 }-om - ]




MADE IN CANADA

3US INDIANAPOLIS. IND. USA CHART NO. 8320909

| =
\, Y L R R Rt J

1'13? 13: 53"0

_. ~ pe T T
2 4 PR PO i i ek b s Aok ke .A‘.l_; L dd |
) > 08 1048, 8 LIPYD. - - T POy R
s e wa Yo r—gx—cx e s g S Wk TR T S VS W T 1""'( i x‘x"x.' ‘.- 'r_' [ 1 £ f r. l_'sz'_Er ’Lj i1 xi'-x.—;m-'x‘ s ol < SR SRS OB B 1S |
12.6666 . u 1, oo rialods . D L niolody i ﬂn_mu *as.mi

2 A A A e D S Y e Iy 4 ya e e e A A n A A e A

MU

T [ . R Y I
10094 KHBKL Hnrn?%ﬁrm‘: R R 'im

: ST U EUU NI

W *

IR 0 [S o - |
T TR T e e e L2} : A s e e

g - - , S . ST i
!

5o
’ . : . ' o . i

W CeE T A : ' LT

SO SN I A - | K [ : PR S R I

I T R IR N T I
. D ST L m ' '5

[, . e : B T e R B . ca e U -_‘_1‘

ARG

2 ——- At —4 e N — b ; e k. - T e ._..~‘_;.‘ == T raama ‘. . |
8. oeea 2 X +500, 59 T 4759, 60 +1299. 0 R *1apd, 8 a1 9.9 +2250,8 +2500.0¥J A
e U . ¥ IAA‘LAA_AJ Y Y T I B I L § VY S S Y B I S Y N ddd, A2 L1 1 AJL_Lljjjl ljlljlelxl'lJlL.l—J;.l IAIIIJIAAIAAIT,‘;ALIA‘LI‘ -
20080 u.érm U088 TS8R T A MeART T C02-0p mtma T THadiedn T T H6)008 +15| 608 420,008
P re R " s d, N e e et PO PRt A A L N ek i i " " A n —— N e
o " Tt ‘ -~ N e .. . v M
i 42;1—,:% R EEE | TR L an ad nae g b ol T Ly Loy | e e
- -r-'--: = -j~T'j.—-l—L ‘y— “—.~‘L:-_=- . ;.‘—‘~Wf‘ i - B e ! ;T; d L:' ' IRRE ]L (o)

Wi ~ i
T PR ~URELTT— FTIt - (~CHYL~ Nt TS PEAR =TT - [VALLET-—TINEl - CHIL WNITI-PERK — 71 el o
T T T T R O s TG PO R T T e ] 5,



N\
™
~ < Y
N NNERE RN 2 N -2 SRR DB D ] _ o
R MR R pOrac mgm e S P R R - R l=At a “
HENEEE R &4 J..ﬁ. ) . A N ’ .mA 3 H ‘ )
NN EENEES s et s vl Ry K S RN RTEE J1FIEFEL Lo
-+ [ RN B | M e SR R S 41 4 _ ) ; e
—1- [ TR { KO EACN SR 1 B - I R .
—+ _F-Dt»u_“ K .ﬁ;[lﬁ i T (I e |
B SRBEN wB B AN KRNI NRRW 09§70 SN 4 ANEN) i P oh) RIS U B
NRREREEMERRNRN = Bt -5 AN O e ik . F1B 1 ) Sl
13 Pt " P 4 La Enia ..
.. ] B N B L= KR XK M . anﬂ ' purhgp it I .
- R P, CEER TR R NEN ' P 4 et = |
R e ] E oy Hc i | S8 [ N ISl
_ulﬂnl;.l.,ﬁ .‘»_H_: KR — .Av..s 4 ..“x I__. _"i_.,_, i 1. ! .I.“.H:vl )
e |.L|r_-.wt._..“ﬁ| e n.f. 18t | . LR A . ' ;wah.““\‘ f
8 ST R ECL I AR -4 1 : - . ! “L.iLL "
e RN et I I O - § - ; TG | EsEy
i JUDESS SIS QS NS SRS = . e 4 -’ b 1
B N I N I .u.wjm_.,hk [ ; . H».SWE__ A I
e S T RS S S - - L_..QM._ . i
-1 | SN LI SRS I B=- N PRI E SN . i d [t N KRR B T
T RN R -k 30 A ] JL5 RN ST R
v AR R | R T N 0N KRS Ja D :l.L.M..a.t Hoioo
1 N NN )| R (K - KX T iyt TS
] ] NG ..LL!. o ol i P EES T34 .m* .
“J - 1 11 B “LLtﬂ ,,ﬁ i L . ._ § Y_.m m‘m > ..l!. K
_lﬁL ! ‘Llﬁhﬁ-rhr_lml‘ i ﬁ... Ch 3 :v“._ @ mﬂy_ il
-1 ] ] BN i . KN .-__llv_.. i ] 1 .g EI‘_ . T
.T « N SR .LmL ag L 1% ] .ﬁ e IR o M (NN
s RN NN KN = : i _ . R :.““._L.s~".-_-.m )
L T H g .- : : BTSRRI BRI S e
S s e RN o € 25 » : _ mﬂm.L el 5 | Dt
B _ - .'_.\. ] \ |A ~. ’ i . . 1 @ .4, . = *vuni‘. .
- - +-15 : . Qo , 23
B s .Aﬁf..ﬂ f . __ : _A_ t B ‘i f
] - ﬁ > S : { i L 1 T Mz
; ,.Av_ 4. P ; i iR d): 4 . .ne.,.!ﬂu:
- e T e ' i i Vg = *..l.wy
b 187 O H 12181 Cod oA
v . ' gt | 5 R A L
[ R IR | ; RN B
.HA_. S . _uu«.‘mA RIS -]
4% . h < P&
11 e R =4 X
S 1 . R )
4" . [ P ﬁ ‘.. B
E : 3 X . A
] - 3]
T i

b ekl Tol bl Ganlf Seeld W W

25 S S D W

Y -

bl

~"3CAN INTsé

Il 1% R Sth
R “ 4 e SN . ' .
R T 1L 1 b B
L i ! i -.A - : ' ' : .
o lmmm T T T I ud E2 :
e Am%mfwf B b B R
i [l ot % .- IS O . i IL REE i _3 ! . .
Ll % .ﬂ...mvm.u:.l\rv [P S| [ I+ M M N ‘o L
8 iy s N (BT REEE b |l o
1 KR ERRES KN ATHE ir
| ] R (e A (N EUHN HE atayahiwihs!
] i ' [ K
] T NERE B m %% - T%
i 1 i) v
i )B i

—t

F Vil Gk el el S Wl S

4‘_4@' -

F ik il S U W Wl G O

1D r'sS'n “AN! 'SIOJdYNYIANI SNONY 3NITN¥3Ls3



ESTERLINE ANGUS [INDIANAPOLIS, IND. U.S.A CHART NO. 832D900

a2 Ui

SCAN INT=Re nf; Ay
RS

Hooew
_cHpRT BALE AN

fiz 13524

FOHL UL PRAR - bR YHLLE Y - LRE L i FLAK PARL UALLLET v LIHL UHLIY FLHA PAMD,  vHLLL: AL
4 E LS WL L :3:3%- FLAYYIM 13124, B KHU L TEE, 90 ,1_»5:g;i'3-;'ﬂ*9 13red L3 N 1T18.039 3332 ~.U4B(8 13fEd-
T ¥ YL Te4T T I:i ¥ oo6TA I3i] i al F TER.6TT {3022 474,537 138207 733 7 ¥ ERTETRYEE NP IR AN TR AS & § -5 DR "‘]
HNL UMITS PHAR - TIME - VRLLEY  TiHE | LHNL UL PRAK {afe TVALLET (LHe UHNL U1y PREAK PAMEl VALLET  tift , :
PEAK/VALLEY [03-w6-3] 13ipas31 "ERRUR 4 EZA OATA 1figayas AN ml-ﬂu nu 81 _INILECAL=EHi0E N0 i -
| SR, - e O RS SV g, ce e e S o e e+t ]
N q l | [
S SRR ! | | IS
B G B L l B : I ] s ]
A e | ‘ ! [
AL | ‘ |
AR SO AU SN [ I . ‘ A - - I
!
| |
N HESH 2 » g ,
'ﬁﬁal 13 .F'q f.&‘y';—h A SV S S S U S S S Gy R S U Y S S S S T U SR S S S §
9. +250, 00 NI M Ol M SRRt} e w B 1i3t.4 .1 22,0 *2500 a
gim . +e:q§e§ L A0 - - 6.8 S ] EEL m[vw _ritloes  niolee BT +e@m

+25, 009 |

c—— . - '

=
o

2]

L

i

!
!
I
)
1
'

£l

R

|
l}
96-87 13:24319 - . i we | !
I ] :+ " i P S i I i { v A " A | Y W G S S L n i P | " 1 Ao 1 A A i 1 i N N " 1[
. +209. 7 . 21-3-F-K S9u. 11750, € +2999. 12250, +2500.
Goom iz wwm R TS S T CT I SO ST S TG0
8. 0000 +2, 9000 N-m +6. fwm +3. Cu Lle UFn +1:, 14 8m 16,910 +15, 000 +20.000-
- e — A 4 A A A i e " e . i A . i n i i i i i i —d i i " " i A I i P U Y 4 i i A -
: +5, 9008 +i, e vz L 13, e 0 ) w250 7
ECORDER AZ-R4-ET {IIR1349 7 " 1 BIA"I3CAN INT=99:0a;98)  CHARI Fﬁrtfnﬂ"’rif-""z +- f ' —
H . . K . i :
HE UVALLET  TIRE CHNL ORI(s PEAR II8L PVALLEY  TINL. CHNL UNL13 PEAK TIHEl GALLET  tIneE ;
(AT +, 94826 12107, A2 CRCT +p4, 282 12107 +21, 344 12140 ax U “ff.’l,*.".’-lfé.-':“ia:.ﬂ.'f - 2364 12107 52""
187 00610 12:187 ] 1 it bln 1380 risS. 070 12:9 de TiIG.33Y AU tib.bon L1t
ne UhLLt[ TIME | UHNL UNITS PEAx TIAL ‘waLiLcr ffme:  uAme umilg #LAK  bdne] yALLet  TINE
i Q2:ipging bl By LDAJA 1z2inpsuy LAl Apjzup oIt | INIEEYARL =z ne g 4
[ — _.‘1 O ke : = . l o I o -' o -
ol - S i ! : '




MAL

o e -

CHHL UNITS PEAK -

1 CFH -g.:%a_’lﬂ?-
D -y

N 5:4; -.85163 15535 s

SO SO 4 +A33, u th 4o +86.268 15135 e

CHRL™UNITS ?ﬁh L UNL1 FEHF“" TOWALLETY T TINE T
I

unu[ péh‘n"f" _g_, vaLLEY rime - ]

wE_ﬂ!uUﬁ_LLE_n _ 1= ‘ __ERRY LU Y guix_wng £4i \M;nﬂ - - —
L S S - Lo . f r R A : .
1
'.

i
lE
T

‘ : . . - e e i e oo —eeae = U P, - —i
311-87 1539014 22 B PR ; | l
T G S S U W Y n A Ak PN S " n n Aol ] i i 4 U U N T S ——— ) — P W U S " L‘!
80008 - - - - -400H B e O e {58, o ELOEY. 8 a='1=:.‘c:ft-n’. pi¢ L TU B - F i oL i = - —- ~taaa@.&j
MY S S Y U U G U U Y W G U A N Y VI W THD WY VAU U SO0 U U U U VI S SN0 U U WA W 1 U U W W W N W S . | Y S N U T VR S S . I R S S W S S 1 ) S T T W U W S - S W W S U T S P W G Y S S U

9. 8000 24000 0 el | 1o.8eM +3. Bay Cu Lk CFh 12, 009 ules . 16,08 15|88 1 420,080,

e Rt P n ah A SR W A i i i - A i P 4 R e l —~—d . A n 4 i A I Y WY VR SR | A s e .

AL, A R ""f)'. P o npimy =z "| ' ﬂ-,m ' . T T Y g e TTUTTTTTTTTT 2%t
ECORDER Ri-14-ui i 3;15 EEFQR i Eid 2LaN IHT= M 9094 Lﬂuhl Hﬁluﬂﬂ[rﬂl= dud . ﬁj‘

M m-_n__ 7&3__ .

2 : |
R i i Lt P , .

2 - BT R ‘

i
[

ESTERLINE ANGUS INDIANAPOLIS, IND., US.A CHART NO. 832D9S00

9, 6000 +254.09 1508, 08 +750. 0 +1099.9 -3t ﬂbt'lm.u U T T c S T Gy

G o el e S oo BT N o o BV R

Q. ‘ = 10] 000 o= Lin 15,80 23 : +25. 089
gfﬁhf_ﬁ Al-44-47 1? 153142 i F-‘:ﬂm 3CAN IHT=dd:ian ey CHRRT RALE (MM/AR}= 4§24 __ T‘” i
NL UNITS REaK T - -Up T . .TIHE CrhL udlTS [PEAX IME {VALLET TiME  CHNL UNLTY HER TIng wvaLL€i  TIRE

F (Fr% fici\éa.} 1%?%5*?%%65 15:46 | B2 PRCT-+INF IS:ié -?16422 15146 A3 U v19,531 15146 +.46299 415447

_Q U 45,7947 1544 +E.T436 1581110 21 F.__ +94,874 45:15(+92, 93¢ 13: L0 22 F o \1‘?‘.&.4111%&:.%4&,..2.,‘11.956 %Slﬁéﬁ

.HN mIT~ qu‘w TIHE '-UR%E_YL- TIHE | CHNL URITS PEAK TIME |vALLE? TIME"  CrnL UNITR PEAR .AIIL VALLET  TI

‘ LLEY [83-44-0F 40+ a4 EREDE 3 Rod- - [ATR 48137110 SEHN LHjs9es M m }h}gmmp CH UL |

b b uk PONE TN T TN R o s o v A ot e o o B R L L L I I TR Y ]




MADE IN CANADA

T e I = S |

L IMALLET . olBLj . LRAL] unu..v_t.ms k| ZNALLE]Y .‘..'l.u -

B3 td, dude 1Divp  Bs -V, tahqm-z,q.o,,* BRI 158 —— e
B4 (Yr(,08% 15iv) gg o riT o insbrioy -u».mr_s TOELNSY nf no. K

£ WALLET ™ JiINE CHRLURL YT ECRaE . TiRe| vatteis 01N

i ApinoNde - SUAN --ma&nu M—‘--—'tﬁ-m*&ﬁ;_ 190 pe

| LHNL UBLLE_FLA
82 PRLT 3§
% S 4 4
CHNL UNITS FE
oo kafoope

O S NN - - : '!'9 ‘ R I

PR B - :
) ) w T - - Tyt

! -l - e
. i - - - e
_ '
[ S - m. | - - e vt -
It Y SR S e Aerenade L; 4 A I 'L A A A PR S S Py el A al
) +1639.0 Y Lo O VYT " " B -y T
A Aod A Ao a Ao AR A aac s a4 Ah a-a-d A4 ATA A ATA A4 Ade b bod A b o P WY Y W Y B W W Ao Al i ) U U W W U U T S ¥ U W Wl WY WD Wt Wt ot/ U A W S WY W WU W WY By G Wi What WA W YOO WY VA S YO0 |

T B ¢ v 1 v 3 B ““m.aar‘ | T T THE R T HEBD - 130.808

a-2_4fn 5 R R ) ft:t---""ras.
SUAN INI-gdiguiul L:n'hﬂl' RATEANGRRYS Jhgd -t -

i I L = - =
oL L e

[ S __._ﬂ

U IS A S

N—ﬁ?u'l 15:96:

L~ WY - . T - Lo - gy

21

. _ ____,._-'_-.._._-,.-._..._.- .. 7a

s

. S G S Fu Ak A 4 ke, A i A e n A & A
0 YR 00— —HS 9 —— - DR —— -3 - N R . Tl g = Yy
- bbb bbbk bedbddededaddd dadaaa g g d s g g aa g aad s aaaaa ol dtdded bbb bbb A A Aot hed. -
. L gl =t e 00 GO CFM 642,008 HYJA - N #1186, - +20, 308 b
b Tl B hind e (M ‘é' - 4 i PO S G A i " i 1 beod A A PO S S " i i -

At [ : ¢ (Fh HE. RFECR" o $35. 004

T3 i el e e A BB S Aﬁggh_f_ﬂg:ﬂ igpidd LL‘;! K[ Rhl!.lﬂﬂ/ KJ= & §- 1L, . w . _ i 73/
Tl | chaL onirs bani 1o

&

(. TIME . lURLLEY. —LLIAL u:uL unlidkrak sl uaLLET
19,1910y 21,607 141507 Tea ik dae 44000 1. 06301
CI3IBy [r97.BB0 1919 . 22 ro- [tfee,29 A3isk +ie. 509
i adng - lueliey  Tabel o wamg e dTRERM u el sy ey

Faep

b.
2

t
PR b

L )

YGUS INDIANAPOLIS, IND. USA CHART NO. 832D900

i Y N | .-_'1
i



MADE (N CANADA

LIS, IND. USA CHART NO. 8320900

111 TR ANk R CHHNL

24 L A S B
. PAAR SRS
,;L%?gi sl

(R 3 Y- 3
VR TN 1 L

“&VY
n é
i

%

-
=3

4 s 1o
=
P
b T
“ir EY
r-..
<
=
L o 2
-

(e £m

ey

e A

YWy

n;l =i,
2 d 'W‘S'l-

Fgath
Sy
43 ad
'.'h-, : 3
i .
™™g
ph = 4 +iC
Ty ok g

s D1 Hift i LB ECR AL L SRR
e e S e sl A ERcaTaL oo on o o
[0 T BT PO P ! . R |
[T U [ R t
. b oLt '
. i |
{ S T
1 ‘ to
s f ” . — - - T T
. B . “
N P
T Y | SN VPN W § . A A A i Y } A A
t

--174754. 98 e Al K ﬁt-t{a.u ’ i

.1 Y G G Sl S dhie o :'r:(’u L1 i Lol 15 U | L

+5.4000 o2 ch CFn 12,1080

Sl S 1. 1 S o T Lot
| . K SOl AHi=URi00; 90 LHEKL K

A 4

RO . ‘j.:‘ /b ’ .. . ____.A-__‘__...:.-._._ —— - ma e -._-_,'.i. ... .- _3

9 ¢ O S OO M S Y

38 B

‘
B I B

Ft ! : : .
2 2. @ Er | R A i
e e o . e gy e - s B - . S e - e I R
A 4 e reai ? ba . B ;
T s SRR S ¥ T -
M o | 9Tl ud I
36457 0 15T - - ; S I - ;
i i Y | s R
82 ; 5 s Ry I I
B o gy B s o , |
- e o C ‘ : SNt S g
. “F L. % L el tir DR SO /6/|/
._.—_?2. R -. 4. B i it I X o " g; K
Y D : SEETEE 112/
!

C T “""‘"""‘— Ty o i
: ( B oz |

2t W +1588.9 - #1798.9 . - - taude,d 4’5235'?0“ 250,90 p
f Gaud SN S S U BN W ) | F S U Y W W S e G A A & 2 2 i A_d

PI-26-67 89:146:50 - L

—_— P R R
a'm *le *?M'“ ) +?E£.M ] 1 FE T S U 1 U 1 U I3 T L5 S & 3
— LJ.A T l-.ll A |-|.L A—ATI'LA- bk d b Bd . ey . +-‘....Y —=t- "_{;il{‘ t, _ _ __ _+1G,am N . N *18.‘{0m N .{Qa.m.
N I T o e i V8 )

G oY

ACAN L




MADE

ESTERLINE ANGUS INDIANAPOLIS. IND. USA. CHART NO. 8320900

et e e B DR N
= . e : S o .

i FLAK - -um_ URLLET - 1 LAL] - URNL ORL V- RERE T
THYEO T BT (e, AeSvy W oy ML B2 ) i
TAMATLST Wldi lridowge dyialz T oL T - :
[&-PEAK- - -TiHE vALLLY - 1 (AL CAML um-l*-o-lLM——_Hne -

Sl RAIR WYIArize C SUAN Jnisweswwiws -l CINTHYAL=HAY:T

G
ar
ot

al%

okl 3.

3T
- L

-y T A : R S gt ) R RN DAt
— 0~ .63 - - - - oL - B I RIE AR [ .3.._4 ) U s .
S - - - S B S . - e
TG 2 LI ‘ S Tt L
B2-87 £3:16:3 20| oI i TR et I e s e
b Ao " " A PO ™ iy L-.A‘... RS SR ¢ i [ R G W PO R U i ek " sy + - _LALﬁi‘;. yarnd n ad
S $PH.00 L AST Ceined :.tmpa- B T T LY P S v = 7 i SEEe )
0000 €2.0000 HMM- - w.em +d, ot LU2 L ey N T e T L T L AR G
N e~ " ] M T 3 S T 1 et ot Fo7o o i M T
RECARBER. iy -no-nt A9 pge33 - - ~ERRAR 4 - Fjﬂ SUAN SHi=An:nn:ig LOr Rl Mﬂ“’. Lnn[ff("' ApEN - -1 - : i R s
S ™ I Rt s e H T R et = W] oaeb e
] J3 RN RS- — N L ot s . < N A
.‘N B2 - -~ - ) i N -

i
|
{
|
|
i
!
i
i
HE t
g L

: 5 - - .
) . .
T~ - - — - - - S R - -

1

1

i

{

i

-
B B

&
(’.,)
2
=

Mﬁ‘s‘? B 4315 S o

R = ; ) .
= U S S DU,
L Ef—_‘ ! 1 T . N
N . I | Lliw :
-~ S sl Ll SN I RN B
- .

17
1 . 33
. R O

L.l

2

= ﬂT B‘!. . Lol oD . . . % e

A A A N N NS " — A N PSS ——d 2 i " bt W
8:0008 e R «nﬂ?@ A A=K +H549,9 R B S 250,98 +2500. 0
U U S S SR ¢ AederdehA bbb A hradedheaieas PRI T U U N A VT U G S U U T U b dded bbbt b darrbrrrd robadad PO AU I T U N U SR S W T T U U [T VS I N T U O U Y

-4.9000 2, Y Y ) Y R O +12.008 O T 12 ) 15,008 - m.m 254
e & T DR e e Sy .“_rj..“.j*._"ﬂ“_-_,..,_;@aaé RN
$otr ORIV VLS 7y FEe MG YV uc e PTPETCY VYT YO BPYITITYY: VEOC g e Mision ) 1)
FHAL UNIT: REAK ' ) e TIE(E”‘T!‘& Tt
QL RrII +e4.. o +10.—¢db hgize 4.
+185529 ACFI Ry 36 BSEES | P2 TF T T¥fAG. ST AATEL (+10%.52 83:2p T T | IoTIT
3 : —Uf - &1 BEAK-—TIBE - - — CHANL unu-'-ueaam_une -
124rdQ-5F ApepRAeg- o o [T 4 Eif- - BATA AGr22iLt JIAN

1

i

i
I

AP BAINY | —INTERUAL ZoN




ESTERLINE ANGUS INDIANA

DE IN CANADA

S‘;us. IND.. U.

L—NﬂL UNL l

"'I"!'J qnsul

&"H—JLntw-
#ﬂﬁ pae

Tine|
‘ ’*mtr_mym:-‘* :

Pu-03-57 14;14: 21 T

PSR o " -2 T COEWE N T S 4 " I 4 L. d

..-Dcl

L. [

. 3080 *"SE.Z‘B ’ . N . *15‘5.“‘* +1848.8

U U U S S U ST W Y Y U U U U U S Y Aol bbb A dd b S .

T1500. 4

b b dd b

bbb b Al

*ESBG.%

P Speu®

2.0000 t2,0008

n A A A A

o, 0l 13, 40

A Y A b A " A P

*‘lc-t‘m

woao

+1A,288

2 0008
ECDRDER jLﬂ‘ﬂT

X IR -
14321 CLREUE 1 Kif XCAN lfif=m?:""i”1

1‘1‘ A&"
Lﬂﬂbl J-alunnqmu- 1)..3‘ -

P

l’
AJI

4

.

=

T SRR . ;
SR o
Bi-93-3T 1HidEINg

I i " ek { i .

%

e
2
e

|

NI S d L

75
Y
|

?'l':rwj . L‘

........

AAAAAA

AAAAAAAAAAAA

g

. Jw 1
1 L@tﬂ.

A A e A b o

A

20, 009
PR

40 ) &z N
BSATTT—SCAN INT=RQ:

T
CHRRT RATEIMAZ

'+La 123 14 a
\ R 13




! | [AEERES e i -1 » L] [
R (R 18- i y4 Tm..m‘.._.__
! : ~N - ! s
i - e 3 felsle
IR R JRARNE o4 A 1 (R B (W
I i R BT UR S K T
0 ) y Lu..r__.w...“‘ 1
T i X <
—DIJ_ 1 f ,x_wi_ ITW.. T 3
! | ! i [ H QU
= I [ £ Coysd o
REEN .T._:u* ,,u.m._m.n.“w NN 1 o * ..”m_-i T
B H | bi: ! 1y . -
m Hm..-_n R mn “ﬁILHV H ml ) T ] K] _
(RN ARER w o> (N . S RNV S e
RN “ 1LU'_. P (] . .L 3o Tl
L 3 LR U_.._ Tm ﬁ_n
o A 1518 1

- S e
. RER

= . ..
SFLE

¢ e G S Gt ¢

) . -

[T
T
y o

iy
R ERS R L Wm”“
_ LERVK L
_l '.l.l;l_||.l._ T : 1!
L m.m..rm% H _.ﬂ
J : tot L
N FCI A i} ’ _..._x
B &‘HML_ 3 [ " b
= NP B3 Rt
§ BAE T Fi
] TENRs gy R Y
N L .4 s : ]
] 1 H

T

.C‘r*

)

T

-

g
S
*

- g ==

e

jEp L - LHK

e

_ >

i u. T8y
e =
HA ui, Eiin=r]
il uﬁ.,_u‘ 1
NN “r ““;1 § Am

L
O )

10,

N

-

)
-1t
]

T

—
T
) s D G S D
T

v
[J

M T N
-

1d. xE R
(] H
Py m_l .‘ | ﬁuv
» Ny 144 o4 1 o
0w ’ N . i lnm p
B 4+ -A“l _. # 1 ﬁ( R T o
- - RN 3 - 1 . -
=+ .i“‘- i L .“.EI: M_n : “ : | I i
i Fﬂlhh N NRE) “,. Te 1 r : ,Mn !
. R b Tel b egiis r..xrw 13 i ; E Kl
R I‘! S L] e s il ] H=--|
NN SRR ol N T (K] 1wl e
o - AT T
A 4 8 »u,mn ~.._ LN ] WV_ =
R .mlwl L - Ty RN MF“ L4 b .
T e e 8 i
TR P %

08AZTEB ‘'ON JUYHD VSN “ON! ‘STNOJdYNYIGN! SNONY INITNALs3




ESTERLINE ANGUS [INDIANAPOL!S. IND.. USA CHART NO, 8320900

o
-

tn=~j=h s

— el - : e A - - o : - e -

-+
-
-

4.

-t

PE -luRLLET - 14A ML o:nh_?pq CPERR-- (AR |-

o
3
¥
e 1.
“._4
halii R
LAy
|
!
-+

I}Y' 1
=
g
boF
=t
by e
(¥

Tk - it h i -PEAR - - L t LM - YRLLC T - £
23,293 1319 AL AT 1 & B L0 U T 81 % 7 S0 B N L S S kY s 5 TAMAD L UATAE 1ady
,f.ggu,gb..g,}- G- tBe-. ee. | ~tLET .08 Lyl (tal, 0406 L4:3) P N TS P RO e T 139397
- Cregiobe® 434039 tpw 2R cr o S TREGINM 1120 TFR, 000 20T - R0 - T - | TN A IR oML AL AN
. +39.964-13 i TEE FE T UHELETL LITIS [HUL,5%2 A314P T 29 TP +3@A9ITLIVYE VST OEL% L39S T TToor
—F -5 - Su43 S S g LIS P ST UL TR SN & - H G S wr e O T v I ot R
CHNL UNITE PHAak - - 1 I‘jr:MLj?Jf&ll* ptar. - - -Tinmk jvAaLLey -1int CANL UNLIY PEAR—— HINME- YALLL T it
PEAK(RALLEY | : rint

UEIA AAMEISE T SUHN 1 rEbpLE

s Pt

IBIEEQE 2 fanipn T

I

Ll ] 5 it SRR - NN DA ettt N R

STV A P e — S Ll
PAS © 20 3. T o [ DR earuet M TLLTIT

gis_ o RIS S L S S R Bl etatioten i |
‘ 7 §1 0“ m } ‘j.. | F T T _ s -~E
ys : L Lo ST TohT i
e - L e - R 3
. \ LTI g
=37 13139144 M o ' : - ]
it U T Vool Gl S AU R T F i FUNENS S | 1 " i " 2\ P Bteleh munt wnales it WU SR Gulliid s Gusish sinsells WY SN Sl
8.0008 t ] 21-aart K +1599.0 +1750.8. © e R +2258.8° 2508, 8
0.0000  _ +2,0000 E T ey 12,000 T4 nelate o mseea 2,000

9,900 : +5%eea RSN RO
PECORDER AYy-A3-27 12109346 - "ERRAR 4 56
E3S i . NQE R . i 4§3 [ R . I BRI

273 - C - e - - . e . -

&
2
3

SCAM INT=9A;Ae:0l  CHERT RATEIN0HEI= 4534 ° "1 R B

e e e = emaes —— -

s 2
e

6437 1nINE]

25
: '

|
i
H
1

AN O Y% AN &l

S22

T ) o

-87 17:36:37 ©

— Bl - e ; Sl
g ik |

S g Ll DL
2 _ g2 i -

i
|
i
§
f
|
! ;
=98-87 13: 3515{ -

e Ll | : Iy R LY Lt S

[BI38A8. Tt HERA. 7T T AT
0.9080 - 47, a4

"




MA

ESTERLINE ANGUS INDIANAPOLIS, IND.. US.A CHART NO. 8320800

- i 0 L IR IR N Y L R D ﬁl-Ld.H

i LA et
~me UNITS 3 UHNL UNEY PLHN- ME - VALLEY - TIME - - - -
PEAY “ﬁLLE'L 1209199181 1 I)ITER‘jI.’ ST LT R R
—r | e e S T
a ‘T'.’ﬂ-&i'"i" ) ' T oo I
- . :; . - .. ! - B I A '""_'}
R Y 3 B , N ) A
T T T T T s e e e N AR RO g
= Lo PIE & 1 - B~ S 82 l - -] N B
A.0P0N - . tSA.AR - - tSAR.PB - - +i%4.em . ugsn. . d-ser K LA Lt o tgmg - el . +2500.0
W N VAN B VY G UE N v ¥ ) T U D U WO G U 4 I U G WD WA U B VY G ¥ I G U G N G G Y U U G W S T S U U S N SN WD SR W S Y 1 TV S U G U S U WA § I U S U Y U S 4 R R S W S W U SR 1 IAJAJAIAA
[N +2.em§; L (.00 - - - - 40,0008 13, e 2 ot te. o TTIUAR - T - Ao e A0008 20.008

m.m-.--_r ------------ -*5&000—-_ ----- S TH8008 - wmg U m.. .m RS o ey ;:;—-ﬁ-———— *as m
CORBLR Py-99-37 12389318 -Lmu.m i ExA )Lﬂﬂ Jiizpyinn:ag LhAE] mlr_mm S T4 S - I
. a2 el B | . -

....... U S _..-é,ét-......_A.-r.;:... S i , : T AP R

i
|
|
-

oo e Fes dd At g W 'ffj"‘f"' R I il ' ' I il e S
=.: : i ‘ : . A .
l

3 Ed R B

it
HY
. =z £
3
b

N | . S 2

EYAT 12151 : -, , R B B v
am 0 S L. M R m . g CUELTMTT K g C o TLigea T gy +2240.9 - 4'3500 ",
AW YT .".L-,L",LALJL,L‘-.l.‘L—'.}-LLA<v}; L.lALLAIAA. bbb bbb d b LLLL;_LLLL_'LLLx:nxAL*‘AAAAAAAL
S - WO et NG - SN GOV Mot N B L ..

aege | S e"m"“t-fff"‘ 5 Tompibey. | . e o ol L L | oLl L Amem ) ... t25.008
'EL REE !M-ﬁ-ﬁ" b G & St A A -1 SEAN INT=R: LT JHBA Cnpel galptitonnss 333t ] o s

CHNL uglh PEak T TINE CVRLLEY -

TIHE T onnL unl(s Feas il GRHL UAL1Y LERK T
LBER 1;'5 % tEdS ‘:w_ig%:: A - & .

HE
oy v |ri@cind 1diRE

bttt o

H [ 1he n
: TIE 13 iE & f2 i S &, EVT 12000 *t@l%lf—l I H 4

21 F o +'5 N YB3 22 T TEIRLL DT 120 (roa. ] Lds - o i 1 i
. UNETS - "'k.-~-—-¥fﬂ£——-%‘+£—t€"r’-———¥—}ﬂ5——~ CHME - 4] TE—PERK ——— fIME juALtti— FIA - eiNL UMy HEM~—~ Hﬂﬁ |- Uit Lt | H

LAk /LL‘ﬁJ..LKI i;i‘n“-’-T'- b o] JPD IS R SR | ) ST 9Rle azinciny SLAN j BT D .LlllLESlﬁL 2yening

- - ‘ BPSEIICNL A L ST IR DR . - ) I R .

S < SR S il R taliulnbt U SOt I B o | B S T e‘* e -
| RS SEERED | T 0 1
fus 2 Sl AT T A R :




MADE IN CANADA

- ANGUS INDIANAPOLIS, IND, US.A. CHRART NO. 8320900

) “HLLLI lJ.nL . l'll'ﬂ,. “H.Ll‘ rl 'JHLLLI | &
TN guiap o Ba U uo&.ﬁén fi WiToeda1e AN

EY-up E'?ﬁ.T! £237
i Fotlan:

oz
o

VALLET 4lnel  unn iumgd

B £ g
fop e anlG

S DL L T
! 3 4L VALLET  iTAf
X2 sCa shizedsgniad. M‘ ' 'A.’L !

-~
L —
, ;

TN
o

g
L9
)

§
t
1
|
}
i
i

;-__.'l SRR NP VOIS ¥ e AN ,
. . . - ‘ ‘

83 e

oy | L 1 i 1l Il . ol i Y Wl iy Sl o 1 L.

8 M-3rf K HS#D.0  H798.8 | . t2089.0 B KX

PO VT VT VA W S U0 L VU WO W T W0 W W0 WU VN WO W W W U VA WA VAV U VWUV W ST W WP VA S W 0 VT S S W ST Y A U VA U VU WU T O U T S
’ e

s A *1‘

A A - A 4 i A A A n A 4 i ok A

o R 00f o cel60e HEG.0000 +20,008

)Cﬁﬂ ANI= ﬁ'ﬂ nAiRg

) ~ 5 ttn ns.m R e - I )
. : &

A : : o e e L L
Al : ! . P R
Yo ‘ e LTI _..,4_.._._.-.._.. -
g oLl al

UL‘ . oL LIl
u.'j..‘“ - j..—:‘____ -
e Y ¥ - 2 e e e e e o

T

'BT I‘f“lS‘ T T T T

|
LIl l
|

A ry e e g e e el F A‘ - A - 4 - i e y - A - 4
4 . 1 A} . 1 . -._.- - .
9. m N N ke d N ) LU % s R g 4 113m ] n[w.p 2o, v +2258.9 me
S S W U U U Y L' l-l e LAA L‘A—Am L-A A IVLAA ‘A .1- l‘ -Al;‘L ) Y L*il‘ j ‘14 A A A A b b 2 2 34 T P T U U S G . - A LLl_l A LL A_L PN W W G U WA G N A 4 2 & 4

SLU WY L

T T L LR viiod 420009

4.0004 ra.m- TR et

he ¥
*'u‘«g-»ijm ‘ e e A R N

LRELER Py o341 ACAN-NT=dienieg - -LHAKD RALCAMAARIS AoRy- s copooo o
| et s e e . ' )
H 3 N 1-Y- 90 JAHE |VRLLE G 14N CARL UHLIY PLAK CARE] wALLLT - 1alBE iy
DQZJL 3«'15?%5&?’{“ 13: %-3 L AA LT TR S (O L S S .2 1T Sk S S 1 1A B E 0 A £ 1 SN
".E ‘#311 HE 0 TG [TraTbee aviip R S R
ML INT TR o AR W vl




MADE (N CANADA

ESTERLINE ANGUS [INDIANAPOLIS, IND., USA CHART NO., 8320900

WLLEi , _ L I8 B2 0 12 SUAN Jhi=onigag:nl X

L A B - I N : 2 s

NN - i o R L L e e
. EUE W e : T

MM Y- - SRR SRR R SRR

DS P - By | e S I e

[

' :
= ———— . JEOOREES F L T [T . —— — - - =
615 o - : . , ud - : é?is
N A oI : i | IR P I NG
Ppi-23-67 93:85: - S Y o s R b T R R - RS
M i i " I VO S Y " i A " " A " - PR S " N 4 " ‘ A " At " i A St A W S 1 ] b

Q,0000 25480 . . . . 450000 . . +i5d.00 o8 Emseft K T Vi it O Y T

VU T U U W W Y 1 Il T T W W S U 1 VI Bl B Pl i U0 Wil W U U TN U W U W S VT S L0 S0 WG N W W U W W W Y Aod b A A4 4.l 4 Y T U U U U Y ll_L]ALLL,[‘ Acd A A bod 4 4 4 Ao A g g2l

0.8088 2, m.i}am. -~ - ¥ EBBB T F". '__“'""CIIE‘L&? CFn " TOTTHZMe T T TR .. S - . . . IS o~ M . .

Y WSS VU W | Y GRS WY G S — 4 N N PRI BN .
v ' i dnd. PR S W | WY RN B | e emdhisprenemegmadih I G G SR \

=z e

P . S L T .-'—— ——
; ~23-57 8% :3? oL . . - oI . P -

1
!
!
!

o sy ]

SN S-S T

¢ - |vALLET - MK
' F: . 04.-10&-—0 g

[2.c000riy 'rtmﬁ“ -tune| e
TeALLET Ctant! : d VAl
T BBV e TR

PRI AV SN S ieere  sasmmmre = i

S 77
£

:cnga*phi|4

';‘l i : t [ ;"_l’l"l‘l";’;"ll [ A"‘;‘i"‘}“:‘}“:" . - - JUCHNN (R SN0 DORL Y VU S Ny




ESTERLINE ANGUS INDIANAPOLIS, IND.. U.S.A. CHART NQ. 8320900

N PERK Tt
F e 0° 14 pa3

1T cHNL UNITY

B Pt " Q _'_— oI h R o
it a Y : TiIs e !
T f A T E e e T T

. " _“j::{::.é—l. n l. 4 i 441 4 - A - - i i A - d - 4 i x» - AA . i -1~ :-l_ "_A-V yl L. 4 ':r A_‘l'—‘ i 1- 'y
N R ) 1049, & 20-320F K 548, 8 thide.d. T T I TEow,p 12058, +am.a‘.

T oD (e oban .o T riedew +15{000 +20;006}

3051 9924524

i
i
|
!

{oen -2 uth Hoo A 4
T SLAH ANI=vMivwiv)  UHAK) RAGE Lﬂnﬂ?BT;:‘i:-jE‘L“ i
. . . ! . e e e e . |._

4.4088

gl S L N S W U |

ek

Z N B ol
|5

DS ¥

N E R Rt ) &

¢

1 1
e & N n

e
a Y *Tl R = :. ‘_‘A ; N RN ..:._._ - m...“' L
B e sl G W £ .
o tyt - ‘--_: g . e e — 111 : AL LET oo TIngr
b gl’ -'

T U,

t.8b155 v1:D




B 4

LHNL ““IT«:
na .
82

'——tvhﬂi.

b= - & — .

ALAAAIAAA[

+759. 0

IV O S U S

hdebob A a1
. .

i | i

MADE IN CANADA

R ST l
PRk T HinE lua
The.l Qi -,
tt?;—'. S:4d iti
HRL S P IME- WAL
B3A il .'.:ui;ii&
e f
|
| B
|
. l ;
! .
g ,
| f
N g
riosa. g f-‘i"'";"' "
+3. uk.UULAn
. A
. o000, u-; LHn

PR X —::——1-—-—-‘ X oo

_SCAN Ipi=adienieg

NO. 8320900

1 PR S PR T T : I
9. 00 . *ing.w M09 2152 b
; - ey, ro,gmm  ro.em I EEL
3 P N 1. Y N — re r . i
- oy, et . luliepy - .tpd Uttt
uyrin-x7 15; b ¥ Sl N Eiﬂ‘—-'AtﬂH infsw
b— e —————— . " hd - —-1
EhNL UNI!: PHAK - Ilﬂt"thLt¥—111ﬂt LRNL MRS PR VLML
.H"I iit P43 1Y LAY, ag u.;;ttg..la 14134
“ 2hO. Hog. A4S ad Ctho. NN 1NN

41;.

TR Y A

LHNL uux‘d

»thnntmunx‘

VHLLL—‘ --—4—&

llllALlLL

E;F
K

3 i
et —— — - S w0

ke d U T S S S G B W |

HEd JHL D R

vn{Lil ISR i
rhesdhe 1433

u ‘-t‘l .'5




ESTERLINE ANG!

MADE IN CANADA

- .l_l_Al,‘_l.. e -‘i_,;_},.}..:l_'_’___

o i ICELE[‘HJIL‘
~ugﬂv -k e.e p—
——tMLLEJ‘ &1

ﬁ::E'““*" W P8 T
P W W U W Y Sedembnd bkl Far
24000~ - —ﬂmm~———~—-—ﬂo~

—i o e

Tis o
HE I ijunnz

x|
9167 1211021

‘37 12 03"

. y e § e A: cedped. St b H . ek Aiesh i A A i 2 L‘-'V.LA'L%- A e .“-l”'.-L- i A . A 2 : 1 )
80008 .._tasq.m_., R CTT TR . HmenT PR K. . emee - wTHee - eme 2900 2800 ¢
P U U ST U S U § Aok ok Adod i POV ET W Ul U U UV L W U U S U VA U VT | e bbb b AAALAA. A‘ALAlLLL.L AAL‘I‘X.AILAA.AAIAAALAAL. AL‘ALLA.AA |

0.0000  tnGM0 T e Ctoagm o v Lk up ST T s . ST L woloe _ +20.0m \Y

N U S VT T A S WAL
P o PN S i Y W G G U e e Al R G W PR G S -

. i B = - .3‘
8008 T P — ST T ek - T A o oy
L TL0RDER "i’#i"i 12= B1e2 . L ESA° ] 3LAN Im Y HTITTY _ CPRBRY mArtinoMRrE 152w |

e SRR SRR . : ’ I z
: INITS R CLET - TARE | EHNL - R ET5 AR e EHNL UNLIY PEWK CUVAMEL wReLEY  TINE - ]
Dﬂz_p"L Lgélt’“i. I TIRES T T TITES - oY ¥ (TIEIITIITIE L AeSRT L i

‘n;h (nETs 35? e
PEAKVALLEY.
#

SO — ————— T i e RSPl

TEnNL 6}11:'!':: PEAK fLHE| UAL

ﬁi:ﬂﬁ;ﬂﬂh_,_}.tﬂlﬁ.@ﬂm..é‘m




MADE IN CAN

ESTERLINE ANGUS [INDIANAPOLIS. IND. U.S.A. CHART NO, 832D900

3 -PEHE-~ —itﬂt
544 UM

Teg 4912
by vl

iR,

S UHME UHE Y-

Jﬂllld 1H

1%&1:55.5:3-;55

LANL un iy p

=|w¢§h.<
e
-
-
.
-

'Pt ' ME R
~JA14 18757 =

2 2l-de

bddbd b b h}.

(.

F U U A S R |

oo then

U.L Ly Len

A

llll’JlllJ

=

T

n

11
RET T IB LT

HE 1T Y

srmrﬁrnn:a

0 A A

i A

-aoaw f&ﬂ

JAIAAAAA'

[0 R 1

e P I B

H H

b d

A A L A A B b 4 4

Uourn

‘@QQ*?V-“‘ A
=00 N g |

' T‘jrﬁr‘vrq“rqzza"

1"gtnr-! 1%'&1'

UNLLLI

T.'.'t‘)li 1‘1.:

YEOLITE
VALLED

. LNNL UNLLY

8” A EE——

]l?t i

vib. 198 1432

Iz nu.aaAn; IHIERYAL=E

0y _suad i
I O —




MADE IN CANADA

WINE ANGUS INDIANAPOLIS, IND. U.SA CHART NO. 832D900

IL‘_ELBL-' S8
Y-l b o A Py
"‘3. Sy Iay |

- CHAL URTIS
5 Rl ) S

e
— . wA oA N

VRLLLT .

\v..,

VBLLED

~cB4Rie Hy4d
T3, 110 Wy 3
~11a8L].

Zangl”

“CRAL uuHA 7

ﬂ.ﬁ!ﬂ.

N

XN

POrEr

o+ ..@8

D o

Sdhhnddd b oA h

o K

}1

hdddnd o dd A,

it

hde b bh o Ad

s RAELE. ¥ B s el et i
TTwy Tt ;_:; T : - 3(4 s e
Ls-u—et ae..s.#"; :"t 1 - | [ R

6T 8%:6: 0 - T N

2000 40

et

gz 0

i i L e

ﬁ f:F ]

_ 2

By +Hy

i A, ‘ i

- 02
36N lnr-nd:

A

18

Y

x?- J5e -

f'"f?ﬁ

L&ﬂé': 89:2300

nN vl .

kl ﬂﬁu.mnr

;‘ ;1

M5

» -qun.&uﬂ - .- - R E T T ‘
Tl R e T N
o0 % 0 ;f:f.fﬂfz'cﬂ"cfn g
{@.0088 - S - oW - v4n| oo

L5 G |

HET hﬂTtlnnl

o MR T

EHNL -UNTTS PHAK -t

B S— 5

Chht unins-
Az —¥!

f e J.__-,. SOV

VALLLY

- 35188

I.Lﬂt
LA H

;Lﬂ';

LNHL Uhl l‘i

it

+AUWARA A9




APPENDIX D: FLOWRATE SCHEDULES




REGENERATION AIRFLOW SCHEDULES

SCHEDULE A: 1.0 CFM
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APPENDIX E: REGENERATION EFFICIENCY DATA




PHASE 1: BACKPRESSURE = 5.7 PSI, AIRFLOW 1.0 CFM
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PHASE 2: BACKPRESSURE = 5.7 PSI, AIRFLOW = 0.5 CFM
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PHASE 4: BACKPRESSURE = 3.9 PSI, AIRFLOW = 0.5 CFM
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APPENDIX F: EXHAUST EMISSIONS DATA
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DYNQO SITE:D208 TEST # 872231 | 1975 LIGHT DUTY VEHICLE ANALYSIS | PROCESSED: 15:10:38 MAR 9, 1987

a MER . ALT . EQUIVALENT ACTUAL OVER- [ mm———- TEST TYYPE --------
MFR . VER- REP. RUN. RETEST H.P. TEST DYNO TRANS. DRIVE EXPE
200 11511412019885 0 N BAG BY BAG
CURB DRV AXLE AXLE /=== IGNITION TIMING ---/ /------ % CO ~----- / IDLE SOAK COASTDOWN TIME
PREP DATE WEIGHT WEIGHT GAUGE MEASURE ®1 #2 RPM GEAR IDLE HIGH SPEED RPM GEAR PERIOD ACTUAL ADJUSTED
EMPTY 0 0.0
COMMENTS: M/B 3-5-87 FOGERTY OVAL TRAP HOT START LA-4 PARTVICULATES ONLY 1375 SEC

EMMISSION DATA FICTICLIOUS

THE FUEL ECONOMY VALUE WAS CALCULATED USING CONSTANT FUEL PROPERTIES FROM PRE-1988 REGULATIONS.

3427 0 DYNO SITE:D2U8 TEST 87-223)



DYNO SITE: D208 TEST # 87-2231 #+ses | IGHT DUTY DIESEL PARTICULATE TEST essss PROCESSED: 14:49:28 MAR 9, 1987

MFR VEHICLE 1D VERSION TEST TYPE TEST PROCEDURE
MERCEDES BENZ 11511412019885 0 EXPERIMENTAL (ECTD) BAG BY BAG
=====z===== PARTICULATE SAMPLING SYSTEM =====z==z===
CVS UNIT TUNNEL DIAMETER TUNNEL
—az¢ 18 INCHES T18ED
s=s======= EXHAUST CONNECTION CONFIGURATION ====z=zz===
LENGTH SURFACE DIAMETER INSULATED NO. ELBOWS ANGLE
14 FEET SMOOTH 4 INCHES YES 1 90 DEGREES
sz=z=zz=z== PARTICULATE FILTER DESCRIPTION ====s==zzzz=
DIVISION LOGBOOK EPA BATCH NO. FILTER MFR FILTER TYPE FILTER SIZE MFR BATCH NO. BATCH EFFICIENCY
ECTD 1 17 PALLFLEX T60A20 47MM TA4978 98.0%
=s===z=zzzz== PARTICULATE TEST INFORMATION ========z===
BARO. # PRI. SECONDARY BKGD PART. MAX. TUNNEL GAS METER TEMP. (F) GAS METER PRESS. (" H20)
DATE *_HG TEST TYPE FILTERS FILTERS FILTER CARBON TEMP. (F) BAGI BAG)
3- 5-87 29.44 BAG BY BAG, EQUAL SETS 1 YES NO 0% 106 78.0 3.0
>>5>> BAG NO. MILES= 7.380 TAQTAL VMLIX= 16777 .9 CU.FT.
=zz=zzzzzzzzzz=z= PDRY GAS METER CU.FT., ====z=sz=z=zz=zz=zz=x z==z==x= PARTICULATE WEIGHT, GRAMS ======
............ PRIMARY ... ..........
TOoTAL CORRECTED FLOW RATIO FLTR CORRECTED FILTER FUEL
BEFORE AFTER FLOW TOTAL FLOW (VMIX/DRYGAS) NO. BEFORE AFTER TOTAL TOTAL WT. EFF. GM/M1  GM/KM ECON., MPG
286.442 304.661 18.219 16.920 991.62 143 0.067038 0.067823 0.00078S 0.778 92.1% 0.114 0.071% 94.7
== FLOWRATES ,CF/MIN ==
ACTUAL TEST/REQUESTED . .......... SECONDARY ... ......... W/ SEC
0.738 0.750 144 (0.067747 0.067814 0.000067 0.845

COMMENTS: 3-5-87 M/B FOGERTY TRAP H/S LA-4

OYNO SITE: D208 PARTICULATE TEST # 87-223)



DYNO SITE:D208 TEST # 872349 | 1975 LIGHT DUTY VEHICLE ANALYSIS | PROCESSED: 15:01:34 MAR V3, 1987

a MFR . ALT. EQUIVALENT ACTUAL OVER- [ TEST TYPE —--w=- ===
MFR . VER- REP. RUN. RETEST H.P. TEST DYNO TRANS . DRIVE EXPE
Zz00  11511412019885 0 N BAG BY BAG
CURB DRV AXLE AXLE /--- IGNITION TIMING ---/ [~--=~-~- % CO ---~-- / IDLE SOAK COASTDOWN TIME
PREP DATE WE I GHT WEIGHT GAUGE MEASURE # #2 RPM GEAR IDLE HIGH SPEED RPM  GEAR PERIOD ACTUAL ADJUSIED
03-11-87 EMPTY 0 0.u
/- AMBIENT TEST CONDITIONS ------ /
BAKRD Dtw AMB TEMP % REL S.HUM NOX Lvy
“HG  POINT TEMP UNIT  HUM GR/1LB FACTOR ALDEHYDES RGE
29 .41 4% .4 73.8 D 36.8 46.45 0.8817 2L .
/=== DYNAMOMETER TEST CONDITIONS -------- /
ODYNO  ACTUAL ODVYNO TIRE ODUOMETER SYSTEM
FTesS1 DATE MR SITE Ilw SET TwHP PSI (M1) MILES
W3- 1287 12 02u8 4000 10.9 45.00 5§7832.0 N/A
BAL ) 7.4432 MILLS 11,961 KM 17329. ROLL REVS. SECS. VMIX=16610.0 Cu.FT. DILUTION FACTOR = 27.042
SITE #A2009 EXHAUST SAMPILE BACKGROUND SAMPI E CORRECTED MASS EMISSIONS AUX ., AUX . AUX .
RANGE  METER CONC . RANGE METER CONC . CONCENTRATIONS GMS . GMS /MY GMS / KM FIELDY FIELD2  CODE
HO 1D 14 0.0 7.47 14 5.0 3.69 3.91 PPM 1.06 0.143 0.089
NOX CHEM 5 40. 3 20.18 15 0.6 0.30 19.89 PPM 15.78 2.123 1.319 MPG KL L/ 100KM
(WYY 23 23.3 0.493 23 2.4 0.048 0.446 % 3837.34 $16.305 320.817 19.6 B.34 12.0
CO 7 6.4 15.94 17 0.0 0.0 15.94 PPM 8.73 1.17% 0.730
HE-HETUD. -4 4.5 13.90 14 6.4 4.484 Y.24 PPM 2.51 u.337 0.209
COMMENTS: oLy 1 BAG LA4A  FOGARILY TRAP MERCEDES WOT AT 190 SEC  CHANGE IN PARLIC.SYS

LEGLEND SEE INFO. PAURET

fiie FURL ECONOMY VALUE WAS CALCULATED USING CONSTANT FUEL PROPERTIES FROM PRE-198H REGULATIONS.

3327 L UYNO SiTE:b2ud el B/-2449



DYNO SI1TE: L2y TeST & B87-2349 *ee4+ |LIGHT DUTY DIESEL PARTICULATE TEST ##+4» PROCESSED: 16:22:29 MAR 12, 1487

e MFR . VEHICLE 1D _ VERSION TEST TYPE TEST PROCEDURE
MERCEDES BENZ 1511412016885 0 EXPERIMENTAL (ECTD) BAG BY BAG
s======32= PARTICULATE SAMPLING SYSTEM ===z===sz=z===
CVS UNIT TUNNEL DIAMETER TUNNEL
42C 18 INCHES 18ED
zz=z=zz=z32 EXHAUST CONNECTION CONFIGURATION =====z====
LENGTH SURFACE DIAMETER INSULATED NO. ELBOWS ANGLE
V4 FEET SMOOTH 4 INCHES T YES 1 90 DEGREES
z2zz.zz222= PARTICULATE FILTER DESCRIPTION =z=zzzz=zz=z=z=z '
DIVISIUN  LOGBOURK EPA BATCH NO. _FIULTER MFR FILTER TYPE FILTER SIZE MFR BATCH NO. BATCH EFFICIENCY
ECTD 1 1 ALLFLEX TGOA20 47MM T4978 98 . 0%
zzzzzz22:22 PARTICULATE TEST INFORMATION ===z==z=zz=z=
BARY . # PRI, SECONDARY BRLD PART ., MAX. TUNNEL GAS METER TEMP. (F) GAS METER PRESS. (" H20)
LATE v G TEST TVPE FILIERS _FILTER v 11 1ER CARBON _TEMP. (F) BAG!I BAG
3°712-87 29741 BAG BY BAG, EQUAL SETS 1 YES N0 T 0% 106 82.5 2.7
. HAL NU, U MILES- 1.43%¢ TOTAL vMIX= lbez26./ CU.ET.
wmiazieod.-nzaz PDRY GAS METER (U.FT, =szzzszzzzazzzasz =zzzz= PARIICULATE WEIGHT, GRAMS ===z==2:z=z
............ PRIMARY (... .........
JOTAL  CUKKECIED  FLOW RATIO  FLTR CORRECTED FILTER FUEL
BEFURL  AFTER  FLUW  JTOJAL FLOW  (VMIX/DRYGAS) N, BEFORE AFTER TOTAL TOVAL Wi, EFF. UM/ML  GM/KM  ELUN., MPG
344600 1362265 V7.657 16.710 995 .04 149 0.067362 0.068356 0.000994 0.989 94.0% 0.142 0.0B8 19.6
=2 FLOWRATES CE/MIN ==
TEST/REQUESTED . ... ... .. SECONDARY . ... ........ wW/SEC
0.750 150 0.068070 0.068133 0.000063 1.052
COMMENT S : 3-172-87 FOGERTY TRAP COLL START 1 BAG LA-4

DYNO SITE: D2u8 PARTICULATE TESY # B 2349



DVNO SITE:D209 TEST # 872350 | 1975 LIGHT DUTY VEHICLE ANALYSIS | PROCESSED: 10:21:53 MAR 24, 1987

a MFR . ALT. EQUIVALENT ACTUAL OVER-  /[==mmmemmw TEST TYPE --=--~-=-
MFR . VER- REP. RUN. RETEST H.P. TEST DYNO TRANS.  DRIVE  EXPE
200 1151141201988% 0 N CVS 75-LATER
CURB DRV AXLE AXLE /=== IGNITION TIMING ---/ /-~---- % CO --~---- /  IDLE SOAK  COASTDOWN TIME
PREP DATE WEIGHT WEIGHT GAUGE MEASURE  #1 22 RPM  GEAR IDLE HIGH SPEED RPM GEAR PERIOD ACTUAL ADJUSTED
03-18-87 EMPTY 23 0.0
R AMBIENT TEST CONDITIONS ------ /
B8ARO DEW 8 TEMP % REL S.HUM  NOX cvs
“HG poxur,yezp UNIT HUM  GR/LB FACTOR ALDEHYDES RGE
29.15 43.6/775.5 D 32.0 43.06 0.8695 42C .
[ DYNAMOMETER TEST CONDITIONS -------- /
DYNO ACTUAL DYNO TIRE ODOMETER SYSTEM
TEST DATE HR SITE Iw SET  TwHP  PSI (M1) MILES
03-19-87 14 D209 4000 10.9 45.00 57911.3 N/A
BAG 1 3.568 MILES 5.743 KM 8320. ROLL REVS. SECS. VMIX= 6072.0 CU.FT. DILUTION FACTOR = 22.097
SITE #A203 EXHAUST SAMPLE BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX. AUX. AUX .
RANGE METER , CONC. RANGE METER # CONC. CONCENTRATIONS GMS . GMS /MI GMS/KM  FIELD! FLELD2 COOE
HC-FID 14 12.0 ;/ 8.87 14 4.8,/' 3.55 5.49 PPM 0.54 0.153 0.095
NOX~-CHEM 15 48.5.7 24.46 15 1.04/ 0.51 23.98 PPM 6.86 1.921 1.194 MPG KPL L/ 100KM
co2 23 28.2- 0.603 23 2.27/ 0.044 0.560 % 1762.87 494.021  306.970 20.5 8.72 1.5
co 17 7.8 19.41 17 0.0- 0.0 19.41 PPM 3.89 1.089 0.677
HC~HF1D" 14 23.2 17.39 14 a.6- 3.48 14.07 PPM 1.40 0.391 0.243
BAG 2 3.H48 MILES 6.192 KM 8971, ROLL REVS. SECS. VMIX=10427.0 CU.FT. ODILUTION FACTOR = 37.553
SITE #A203 EXHAUST SAMPLE BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX. AUX.  AUX.
RANGE METER , CONC. RANGE METER 7 CONC. CONCENTRATIONS GMS . GMS /MI GMS/KM  FIELD1  FIELD2 CODE
HC-FI0 14 8.8°, 6.50 14 a.0 ~ 2.95 3.63 PPM 0.62 0.161 0.100
NOX-CHEM 15 29.57, 14.92 15 0.1, 0.05 14.87 PPM 7.30 1.898 1.179 MPG KPL  L/100KM
o2 23 17.0 % 0.354 23 2.3;// 0.046 0.309 % 1670.22 434.093  269.733 23.3 9.9 10.1
co 17 5.2 12.96 17 0.0 0.0 12.96 PPM 4.46 1.158 0.720
HC-HF 1D 14 15.8 11.88 14 4.8 3.63 8.35 PPM 1.42 0.369 0.230
BAG 3 3.586 MILES 5.771 KM B361. ROLL REVS. SECS. VMIX= 6099.0 CU.FT. DILUTION FACTOR = 25.666
SITE #A203 EXHAUST SAMPLE BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX . AUX.  AUX,
RANGE METER , CONC. RANGE METER  CONC. CONCENTRATIONS GMS . GMS /M1 GMS/KM  FIELDY  FIELD2 CODE
HC-FID 14 9.1° 6.73 14 4.07/ 2.95 3.89 PPM 0.39 0.108 0.067 .
NOX - CHEM 15 45.0 7%/ 22.7) 15 0.17, 0.05 2266 PPM 6.5 1.815 1.128 MPG KPL  L/100KM
co2 23 24.5 0.519 23 2.3 0.046 0.475 % 1500.06 418.312  259.927 24.2 10.30 9.7
co 17 6.2 15.45 17 0.0 0.0 15.45 PPM 3. n 0.866 0.538
HC-HF 1D 14 16.3 12.26 14 5.0 7 3.78 B8.62 PPM 0.86 0.239 0.149
WEIGHTED VALUES HC-HF 1D co Co2 NOX _MPG gP; L<603KM
GRAMS /M1 LE 0.338 1.06 442, 1.88 FUEL ECONOMY z2.98 97 s 10.3
BEFORE ROUNDING .3381 1.064 442 .1 1.880 22.8804 . :
GRAMS /KM 0.210 0.661 275. 1.17
BEFORE ROUNDING L2100 . 6609 274.7 1.168

PARTICULATE GMS./MI. BAG-1 0.406, BAG-2 0.468, BAG-3 0.583, WEIGHTED 0.487

COMMENTS: MERCEDES OIESEL COLD START DuMMY TRAP WOT 190 SEC BG | WwOT 190 SEC BG3

THE FUEL ECUNOMY VALUE WAS CALCULATED USING CONSTANT FUEL PROPERTIES FRUM PRE-1988 REGULATIONS.

DYNO SITE:D209 TEST 87-2350



DYNU SITE: D209 TES1 # 87-23%0 #444e LIGHT DUTY DIESEL PARTICULATE TEST #ssss PROCESSED: 15:31:06

MAR 24, 1947

£ 1D VERSION TEST _TYPE TEST PRULEL

o MER . VEHICLE 1D EDUR
MERCEDES BENZ 11511412019885 0 EXPERIMENTAL (ECTD) ©VS TS<LATER
_ S=s=z222=2z2z PARTICULATE SAMPLING SYSTEM ===z==zzzz=
Cvy UNIT JUNNEL DIAMETER TUNNEL
42C 18 INCHES 18ED
S-szzizzzx EXHAUST CONNECTION CUNFIGURATION =zz=zzzzz=
LENGTH _SURFACE DIAMETER INSULATED NO. ELBOWS ANGLE
14 FEET SMOOTH 4 INCHES “VES v 90 DEGREES
----- zzzzz PARTICULATE FILTER DESCRIPTION czzzszziz=z )
DIVISTUN 1L OGBOUK EPA BATCH NO, FILTER MER L FILTER 1YPE FILTER SIZE MFR_BATCH_NO. BAICH EFFICIENCY
ECTD™ 1 17 PALLFLEX T60A20 “aTMM - "Ta97B T ‘98. 0%
sz==3z=zz2=zz PARTICULATE TEST INFORMATION ==z:zzzz=zz=
BARQG . s PRI. SECONDARY BRGD  BART. MAX., TUNNEL GAS METER TEMP. (F) GAS MEIER PRESS. (" Hzu)
LLALE G 1EST TYRE FILTERS FILTERS FILTER CARBON TEMP. (F) BAG) BAG2 BAGJ BALI BALZ BAGY
319 87 29.15 3 BAG FTP, 3 FILTER 3 YES NO 0% 11 B83.0 85.0 84.0 2.8 2.2 2.8
----- BAL NU. ) MI{LEL= J.%64 TOTAL VMIX= o6U8.0 CU.FT.
S-fece---- oz URY WAL MENER CULFI, zzsz=z=zz2zzzz=zz2::= zzzzzz PARITICULATE WELIGHT, GRAMS ===z===
............ PRIMARY ... ... ..., .
1OTAL CURKRECTED FLOW RATIO FLTR CORRECTED FILTER FUE
BEEORE AFTEN FLOW_ TOTAL FLOw (VMIX/DRYGAS) NO. BEFORE AFTER TOTAL TOTAL WT. EFF. GM/MI GM/KM  ECUN. , MPGL
366.800 3731806 6.3086 5. 986 1015 .33 151 0.065052 0.066480 0.001428 1.450 97.3% 0.406 0.252 20.5
22 FLOWRATES,CF/MIN ==
ACTUAL  TEST/REQUESTED . .......... SECONDARY . ........... W/SEC
0.7 0.750 152 0.067/70 0.U67815 0.000039 1.48
e BAG NU. 2 MILES= 3.848 TOTAL sMIX= 10437.1 CU.FT,
cmmecemmme o URY GAS METEK CU.FT. =s-232zzs2ssa._-:z ==z_=2 PARTICULATE WEIGHT, GRAMS ===zz==
............ PRIMARY ... .........
TOTAL.  CUKRRECTED FLOW KAI1U FLIR CORRECIED FILTER FukL
BEFORE  AFIER  _FLUW JOTAL _FLOW  (VMIX/URYGAS) NO.  BEFORE AFTER TOTVAL TOTAL Wwl. EFF. GM/ML GM/KM  ELUN. . MG
258.696 269.158 0.462 10.094 1033.98 153 0.065808 0.067550 0.001742 1.801 97.9% 0.468 0.291 24.3
=2 FLOWHALTES CH/MIN ==
ACTUAL  TEST/REQUESILED ... ... ... SECONDARY .. .......... W/SEC
“0.699 0.750 154 U.067881 U.UB7Y918  U.00UV047 1.839
R BAG HU. 4 MILES-  J.%U406 TOTAL VvMIXx= 6103.1 Cu.rT1.,
--------------- DRY GAS METER CU_FT, —--zcoccocsazos zzz_z: PARTICULATE WEIGHT, GRAMS =z=z=zzz
............ PRIMARY . ............ i ‘
TOTAL CORRECTED FLOW RATIO FLTR CORRECTED FILTER _ FUEL
BEFORE Ak TER FLOW  10TAL FLOW  (VMIX/DRYGAS) _NO. BEFORE AFTER __TOTAL TOTAL WT. EFF. GM/ML - LM/ KM gggg;Lngg
375786 379.556 ~4.370 T aToBYy” 1492764 155 0.067368 0.068768 0.001400 2.090 96.5% 0.583 0.362 24.2
2= FLOWRATES ,CF/MIN ==
ACTUAL  TESY/REQUESTED . ... . ... SECUNDARY ... . ..o w/SEC
“0.486 0.750 156  0.068943 0.068994 0.000051 2.166
PANIILHLAIt.wtthItU GLRAMS/MILE=  U.487 WELGHTED GRAMS/KM=  U.303 WEIGHTED FUEL ECUNUMY= 22.9 MPL

COMMENT S J-V9- B/ M8 LUMMY I KAP

DYNO SITE: D208 PARTICULALE 1knT & 87 s4bU



DYNO SITE:D209 TEST # 872468 ‘ I 1875 LIGHT DUTY VEHICLE ANALVSIS | PROCESSED: 10:21:38 MAR 24, 1987

a MFR . ALT. EQUIVALENT ACTUAL OVER~  /--------- TEST TYPE -~-------
MFR . VER- REP. RUN. RETEST H.P. TEST DYNO TRANS. DRIVE EXPE
200 11511412019885 0 N ‘ CVS 75-LATER
CURB DRV AXLE AXLE /=== IGNITION TIMING ---/ /== % CO --~--- / IDLE SOAK COASTDOWN TIME
PREP_DATE WEIGHT WEIGHT GAUGE MEASURE 1 #2 RPM GEAR IDLE HIGH SPEED RPM GEAR PERIOD ACTUAL ADJUSTED
0D3-19-87 EMPTY 18 0.0
fmmmmmm——- AMBIENT TEST CONDITIONS ------ /
BARO WET AMB TEMP % REL S .HUM NOX Ccvs
“HG BULB TEMP UNIT HUM GR/LB FACTOR ALDEHYDES RGE
29.20 S8.8 74.8 F 37.5 49.34 0.8924 a2c
fm-—m——-- DYNAMOMETER TEST CONDITIONS -----~-- /
DYNO ACTUAL DVYNO TIRE ODOMETER SYSTEM
TEST DATE HR SITE Iw SET  TwHP  PSI (M1) MILES
03-20-87 09 D209 4000 10.9 45.00 57921.7 N/A
BAG | 3.584 MILES 5.768 KM 8357. ROLL REVS. SECS. VMIX= 6060.0 CU.FT. OILUTION FACTOR = 20.993
SITE #A203 EXHAUST SAMPLE BACKGROUND SAMPILE CORRECTED MASS EMISSIONS AUX , AUX ., AUX .
RANGE METER , CONC. RANGE METER ,, CONC. CONCENTRATIONS GMS . GMS /M1 GMS/KM  FIELD! FIELD2 CODE
HC-FID 14 1.6 8.58 14 4.3 //’ 3.18 5.55 PPM 0.55 0.153 0.095
NOX-CHEM 15 51.6- 25.97 15 0.8, 0.41 25.58 PPM 7.49 2.090 1.299 MPG KPL  L/100KM
co2 23 29.67, 0.635 23 2.2/ 0.044 0.592 % 1859.94 518.917  322.440 19.5 8.30 12.0
co 17 7.8 19.41 17 0.0 0.0 19.41 PPM 3.88 1.082 0.672
HC-HF 1D 14 22.6 16.95 14 4.8y 3.63 13.49 PPM 1.34 0.372 0.231
BAG 2 3.8HY9 MILES 6.259 KM 9068. ROLL REVS. SECS. VMIX=10399.0 CU.FT. DILUTION FACTOR = 34.420
SITE #A203 EXHAUST SAMPLE BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX ., AUX ., AUX
RANGE METER . CONC. RANGE METER , CONC. CONCENTRATIONS GMS . GMS/MI GMS/KM  FIELDV FIELD2 CODE
HC-FID 14 8.8“/ 6.50 14 4.3" 3.18 3.42 PPM 0.58 0.149 0.093
NOX-CHEM 15 33.2 .- 16.78 15 0.s7. 0.25 16.54 PPM 8.3 2.137 1.328 MPG KPL  L/100KM
ci 23 18.5° . 0.387 23 2.3°. 0.046 0.342 % 1841.76 473.587  294.254 21.4 9.09 1.0
Cu 17 5.2 " 12.96 17 0.07 0.0 12.96 PPM 4.44 1.143 0.710
HC~HF 1D 14 14.8 11,14 14 4.7 3.56 7.68 PPM 1.31 0.335 0.208
8AG 3 3.620 MILES 5.826 KM B8440. ROLL REVS. SECS. VMIX= 6081.0 CU.FT. DILUTION FACTOR = 21.754
SITE #A203 EXHAUST SAMPLE BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX . AUX. AUX .
RANGE METER ~ CONC. RANGE MEVER , CONC. CONCENTRATIONS GMS. GMS /M1 GMS/KM  FIELDV  FIELD2 CODE
HC-F1D 14 8.87, 6.50 14 4.4 3.25 3.40 PPM 0.34 0.093 0.058
NOX-CHEM 15 $3.17,- 26.77 5 0.5 0.2% 2b.52 PPM 7.80 2.154 1.338 MPG KPL L/ 100KM
coz 22 63.5-7, 0.613 22 5.07, 0.046 0.570 % 1795. 11 495.904  308.140 20.5 8.69 11.5
co 17 6.4 15.94 V7 v - 0.0 15.94 PPM 3.20 0.883 0.549
HC-HF 1D 14 14.2 10.69 14 5.0 3.78 7.08 PPM 0.70 0.194 0.121
WEIGHTED VALUES HC-HFID co o2 NOX . MPG KPL L/ 100KM
GRAMS /MILE 0.304 1.06 489 . 2.13 FUEL ECONOMY 20.7 8.8 V1.4
BEFORE ROUNDING  .3043 1.059 489 .0 2.132 20.6981 8.7953 11.3695
GRAMS /KM 0.189 0.658 304. 1.32
BEFORE ROUNDING .89 .6579 303.9 1.325

PARTICULATE GMS./MI. BAG-) 0.139, BAG-2 0.010, BAG-3 0.168, WeIGHTED 0.080

COMMENTS: MERCEDES DIESEL COLD FIP FOGARTY TRAP WOT 190 SEC BAG 183

THE FUEL ECONOMY VALUE WAS CALCULATED USING CONSTANT FUEL PROPERTIES FRUM PRE-1988 REGULATIONS.

3327 0 DYNQ SITE:D20Y TEST B87-2468



OYNO SITE:

0209 TESY # 87-2468 ‘0s

44 LIGHT OUTY DIESEL PARTICULATE TEST seses

PROCESSED: 15:12:44 MAR 23, 1987
[ MER VEHICLE 1D VERSION TEST TVYPE TEST PROCEDURE
MERCEDES BENZ 11§11412010885 a EXPERIMENTAL (ECTD) CVS J5-LATER
==zzzzz22::2 PARTICULATE SAMPLING SYSTEM =szzs=z=z==z=
CVS UNIT TUNNEL_DIAMETER TUNNEL
47C i8 INCHES “‘EE"’
zz===zz=z= EXHAUST CONNECTION CONFIGURATION =====zz=zzz=
LENGTH_ SURFACE DIAMETER INSULATED NO. ELBOWS ANGL E
14 FEET SMGOTH AT INCHES VES R 90 DEGREES
-ze--zo-z: PARTICULATE FILIER DESCRIPTION ===z=zzzz=
UIVISION  LOGBUUK £PA BATCH NO,  FILTER MFR R Lo FLuTeR VYPE FILTER SI1ZE MFR BATCH NO. BATCH EFFICIENCY
ECTO i 17 PALLFLEX T60A20 a7MM~ TT4978 e 0% T T
szzzzzzzz= PARVICULATE TEST INFORMATION ====z==z=z==
bARU # PR1. SECONDARY BKGD  PART. MAX. TUNNEL GAS METER TEMP. (F) GAS MEIEK PRESS. (" H2U)
DA LE TEST _TYpE FILTERS _FILTERS  FILIER CARBON _TEMP. (F) BAGI BAG2 BAGY BAGI BALZY BAG3
3-70°87 29. 20 32 'BAG FTP, 3 FILTER 3 YES NO 0% 113 80.0 83.0 83.0 28 2.2 278
- - BAGL NO. 1 MILES= 3.584 TOTAL VMIX= 6066.3 CU.FT.
memme—eme--2:: DRY GAS METER CU.FT, ssz=z=zzzzzmzzzazz =z===2 PARTICULATE WE!IGHT, GRAMS ==z=z=z
............ PRIMARY . ............
TOTAL CORRECTED FLOW RATLO FLTR CORRECTED FILTER FUEL
_BEFORE AFIER FLUW TOTAL FLOW (VMIX/DRYGAS) NO. BEFURE = _AFTER TOTAL TOTAL WT. EFF, GM/MI  GM/KM  ECUN. , MPG
379 577  3R6. 258 6.601) 6.308 961 157 0.067204 0.067673 0.000469 0.451 9n0.7% 0.139 0D.0B6G 1578
== FLOWRATES,CF/MIN =-
ACTUAL TEST/RFOUFSTFD ........... SECONDARY ... ......... w/SEC
6.750 50 158 0.065363 0.065411 0.000048 0.497
----- BAG NO. 2 MILES= 3.8HY TOTAL VMIX= 10506.8 CU.FT.
—z=.zz.i..zzzo DRY GAS METER CU.FT., =szs=s=zsz=zzzz=:= z=zzx2 PARTICULATE WEIGHT, GRAMS ==z==z==
............ PRIMARY . ............ )
TOTAL CORRECTED  FLOW RAT10D FLTR CORRECIED FILTER FUE
BEFORE  AFTER FLuw TOTAL FLOW (VMIX/DKRYGAS) _NO.  BEFORE AFTER TOTAL TOTAL _WT. _EFF. GM/M1  GM/AM  ELON. . MPu
260° 188 3H0.303 sevess seaeae 9748 160 0.066571 0.065920 0.000349 0.034a 88.4% 0.010 0.006 2700
== FILOWRATES,CF/MIN == X
ACTUAL  TEST/REQUESTED ... ... ... . SECONDARY . ........... w/SEC
7.459 0.750 160  0.065463 0.U65509 0.000046 0.03
R BAGL NO. O MELES= 3.620 TOTAL VvMIX= ol87.3 CU.FT,
Geiacooiooaoza DRY GAS METER (U.FT. =2so-zz-ziz:_z:=: zzzzz2z PARTICULATE WEIGHT, GRAMS ==zz=z==
............ PRIMARY . .. .......... )
TOTAL CORRECTED FLOW RATIO  FLTR CORRECTED FILTER FUEL .
BEFURE Ariek CFLOW 10TAL FLOW  (VMIX/DRYLAS) NU. BEFORE ~ _AFTER = _TOVAL  TOTAL wl CEFE . GM/ML GM/rM g(_gg:_“ Mbu
386.258 392.936 6.678  6.271 970776 161 0.065639 0.066201 0.000562 0.546 §976%° 0.ié8 0.105 0.4
=5 FLOWRATES ,CH/MIN -~ .
ACTUAL  TEST/REQUESTED ... ... ..... SECONDARY ... ..... w/SEC
0.745 0.7%0 162 0.066382 0.066448 0.000066 610
PARIILULATE wWEIGHTED GRAMS/MILE= U udU WEIGHITED GRAMS/KM=  0.U50 wELGHIEU FUEBL ECONUMY=  2U.6 MPG
CUMMENITS: 3-20-87 M/B FULERITY F1lp
DYNO S1TE: DZ0Y9 PARTICULATE 1EST & 8/ 2408



DYNO SITE:D208 TEST # B72731 | 1975 LIGHT DUTY VEHICLE ANALYSIS | PROCESSED: 13:56:10 APR 13, 1987

a MFR . ALT. EQUIVALENT ACTuAL OVER- R TEST TYPE -~-~-----~
MFR. VER- REP. RUN. RETEST H.P. TEST DYNO TRANS . DRIVE EXPE
200 11511412019885 0 N 2 BAG LA-4
CURB DRV AXLE AXLE /=-= IGNITION TIMING -~-/ /[=-=~-=- % CO ~=---~- / IDLE SOAK COASTDOWN TIME
PREP DATE WEIGHT WEIGHT GAUGE MEASURE Ve #2 RPM GEAR IDLE HIGH SPEED RPM GEAR PERIOD ACTUAL ADJUSTED
EMPTY w 0.0
fmmmmm——- AMBIENT TEST CONDITIONS --~--- /
BARO WET AMB TEMP % REL S.HUM NOX cvs
“HG BULE TEMP_UNIT HUM GR/LB FACTUR ALDEHYDES RGE
29.01 58.2 75.5 F 34.0 46.06 0.8803 42C
[-wmmmm - DYNAMOMETER TEST CONDITIONS -------- /
DYNO ACTUAL DYNO TIRE ODOMETER SVSTEM
TEST DATE HR SITE Iw SET TwHP Psl (M1) MILES
04-09-87 10 D208 4000 10.9 45.00 58158.0 N/A
BAG 1 3.540 MILES 5.697 KM 8254. ROLL REVS. SECS. VMIX= 6073.0 CU.FT. DILUTION FACTOR = 25.029
SITE #A203 EXHAUST SAMPLE BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX . AUX . AuX.
RANGE METER , CONC. RANGE METER CONC. CONCENTRATIONS GMS . GMS /M1 GMS/KM  FILELO! FIELD2 CODE
HC-FiD 14 9.5 7.02 14 a.ay/ 3.25 3.90 PPM 0.39 0.109 0.068
NOX-CHEM 15 46.7° 23.56 15 2.2/ 1.12 22.49 PPM 6.51 1.839 1.143 MPG KPL L/ 100KM
Cuz 23 6. W 0.533 23 2.V~ 0.04a2 0.492 % 1544 .33 437.370 271.769 23.2 Y.45 0.1
co 17 6.0~ 14.95 17 0.0 < 0.0 14.95 PPM 2.99 U.846 0.525
HC-HF 1D 14 15.0 11.28 14 4.7 3.56 7.87 PPM 0.78 0.220 0.137
BAG 2 J.H12Z MILES 6.134 KM 6887. ROLL REVS. SECS. VMIX=10395.0 CU.FT, DILUTION FACTOR = 3Jb.U04S
SITE #A203 EXHAUST SAMPLE BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX. AUX. AUX.
RANGE METER CONC. RANGE METER CONC. CONCENTRATIONS GMS . GMS /M1 GMS /KM FIELD) FIELD2 CODE
HC-FI1D 14 8.4Y 6.21 14 4.1 v 3.03 3.26 PPM 0.55 0.145 0.090
NOX-CHEM 15 31.3“’ 15.83 15 1.0 -~ 0.51 15.33 PPM 7.60 1.994 1.239 MPG KPL L./ VOUKM
€02 23 17.1 7 0.370 23 2.1 7 0.042 0.328 % 1768.29 463.925 288.269 21.8 9.28 0.8
co 17 5.0, 12.47 17 0.0~ 0.0 12.47 PPM 4.27 1.121 0.697
HC-HFID 14 13.3 10.01 14 4.6 3.48 6.63 PPM 1.13 0.295 0.183
WELGHTED VALUES HC-HFID co co2 NOX MPG KPL L/ 100KM
GRAMS /MILE U. 259 0.948 451, 1.92 FUEL ECONOMY 22.4 Y.6 0.5
BEFORE ROUMDING L2593 .9883 451 .1 1.919 22,4446 9.5502 10.4709
GRAMSN 7 KM J, tel U.ol4 280. .19
BEFORE ROUNDING L1611 L6141 280.3 1,193

COMMENTS: TRAE FOULARTY UNILT BAG#2 ROLL COUNTS LOW SEE TRACE ALONG ZERO LINE

THE FUEL ECONOMY VALUE WAS UALCULATED USING CONSTANT FUE: ROPERTIES FROM PRE-1988 REGUE&TIONS.

3327 U DVYNO SITE:D208  TEST 87-274)



DYNO SITE: D208 TEST # 87-2731 s*ess | IGHT OUTY OIESEL PARTICULATE TEST ss+ss PROCESSED: 16:22:28 APR

10, 1987
MFR VEHICLE 1D VERSION TEST TVPE TEST PROCEDURE
MERCEDES BENZ 11511412019885 0 EXPERIMENTAL (ECTD) 2 BAG LA-4
====zzz=z==z PARTICULATE SAMPLING SYSTEM ===z=ss===
CVS UNIT TUNNEL DIAMETER TUNNEL
42C 18 INCHES 18ED
=zzz==z=z== EXHAUST CONNECTION CONFIGURATION ======z====
LENGTH _ SURFACE DIAMETER INSULATED NO. ELBOWS ANGLE
14 FEET SMOOTH 4 INCHES YES [ 0 DEGREES
===z=zz=z== PARTICULATE FILTER DESCRIPTION ==z=zzz=zzz= :
DIVISION LOGBOOK EPA BATCH NO. FILTER MFR FILTER TVYPE FILYER SIZE MFR BATCH NO. BATCH EFFICIENCY
ECTD 1 17 PALLFLEX T60A20 47MM T4978 98.0%
=z==z====2= PARTICULATE TEST INFORMATION ===z=z=z=z=3=
BARO. # PRI. SECONDARY BKGD PART. MAX. TUNNEL GAS METER TEMP. (F) GAS METER PRESS. (" H20)
DATE " HG TEST _TYPE FILTERS FILTERS FILTER CARBON TEMP. (F) BAG1 BAG2 BAG1 BAG2
4- 9-87 29.01 2 BAG LA-4, 2 FILTER 2 YES NO 0% 104 83.0 B86.0 3.0 2.2
>>>>> BAG NO. 1} MILES= 3.540 TOTAL VMIX= 6079.4 CU.FT.
z==z=======2=22= DRY GAS METER CU.FT. ===z=z====z====== z=z==== PARTICULATE WEIGHT, GRAMS ======
............ PRIMARY .. ...........
TOTAL CORRECTED FLOW RATIO FLTR CORRECTED FILTER FUEL
BEFORE AFTER FLOW TOTAL FLOW (VMIX/DRYGAS) NO. BEFORE AFTER TOTAL TOTAL WT. EFF. GM/MI  GM/KM  ECON. , MPG
580.261 587.118 6.857 6.400 949 .87 163 0.065089 0.065378 0.000289 0.275 91.8% 0.085 0.053 23 .1
=2 FLOWRATES,CF/MIN ==
ACTUAL TEST/REQUESTED  ........... SECONDARY .. .......... w/SEC
0.760 0.750 164 0.067484 0.067510 (0.000026 0.299
>>>>> BAG NO. 2 MILES= 3.812 TOTAL VMIX= 10405.9 CU.FT.
zzzzzuzz=z2z==z= DRY GAS METER CU.FT. ==z==s==s==zs===2=z=z==== z==zz=== PARTICULATE WEIGHT, GRAMS ======
............ PRIMARY . ............
TOTAL CORRECTED FLOW RATIO FLTR CORRECTED FILTER FUEL
BEFORE AFITER FLOW TOTAL FLOW  (VMIX/DRYGAS) NO. BEFURE AFTER TOTAL TOTAL WT. EFF. GM/M]1  GM/KM  ECON., MPG
697.788 709.159 11.371 10.899 954.79 165 0.067247 0.067524 0.000277 0.265 90.5% 0.077 0.048 2y.8
== FLOWRATES , CF/MIN ==
ACTuAL  TEST/REQUESTED  ........... SECONDARY ... ........ W/SEC
0.754 0.750 166 0.065439 0.065468 0.000029 0.292
PARTICULATE WEIGHTED GRAMS/MILE= 0.080 WEIGHTED GRAMS/KM= 0.050 WEIGHTED FUEL ECONOMY= 22.3 MPG

COMMENTS: 4-9-87 FOGERTY. HOT LA-4

DYNO SITE: D208 PARTICULATE TEST # 87-2731



DYNO SITE:D208 TEST # 872732 i 1975 LIGHT DUTY VEHICLE ANALYSIS | PROCESSED: 14:17:32 APR 9,

1987
a MFR . ALT. EQUIVALENT ACTUAL OVER~ [=mmmm———- TEST TYPE --------
MFR . VER- REP. RUN. RETEST H.P. TEST DYNO TRANS . DRIVE EXPE
200 11511412019885 0 N 2 BAG LA-4
CURB DRV AXLE AXLE /=== IGNITION TIMING ---/ [------ % CO ------ / IDLE SOAK  COASTDOWN TIME
PREP DATE WEIGHT WEIGHT GAUGE MEASURE [ A ”2 RPM GEAR IDLE HIGH SPEED RPM  GEAR PERIOD ACTUAL ADJUSTED
EMPTY 0 0.0
/-=—=--=== AMBIENT TEST CONDITIONS ------ /
BARO WET AMB TEMP % REL S.HUM NOX Cvs
“HG BULB TEMP UNIT HUM GR/LB FACTOR ALDEHYDES RGE
29.01 57.5 75.0 F 33.0 43.88 0.8724 42C
[ DYNAMOMETER TEST CONDITIONS ---=---- /
OYNG  ACTuAL DYNQ TIRE ODOMETER SYSTEM
TEST DATE HR SITE Iw SET TWHP PSI (M1) MILES
04-09-87 10 D208 4000 0.9 45.00 58166.0 N/A
BAG 3.543 MILES 5.702 KM B261. ROLL REVS. SECS. VMIX= 6073.0 CU.FT,. DILUTION FACTOR = 23.364
SITE #A203 EXHAUST SAMPLE BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX ., AUX . AUX .
RANGE METER CONC. RANGE METER CONC. CONCENTRATIONS GMS . GMS/mi GMS/KM FIELD) FIELD2 CODE
HC-FID 14 8.0 5.91 14 4.0 2.95 3.08 PPM 0.31 0.086 0.054
NOX=CHEM 15 49 .2 24 .82 15 0.8 0.41 24.43 PPM 7.01 1.978 1.229 MPG KPL L/ 1QUKM
co2 23 26.8 0.571 23 2.2 0.044 0.529 % 1662.99 469 .361 291.647 21.6 9.19 10.9
Co ) b.1 15,20 17 0.0 0.0 1H.20 PPM 3.04 0.85%9 0.534
HC-HF 1D 14 13.3 0.0 14 4.2 3.18 6.97 PPM 0.69 0.195 0.121
BAG 2 3.821V MILES ©.150 «M  8910. ROLL REVS. SECS. YMIX=10379.0 CU.FT. DILUTION FACTOR = 31V .272
SITE #A203 EXHAUST SAMPLE BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX . AUX. AUX .
RANGE METER CONC. RANGE METER CONC. CONCENTRATIONS GMS . GMS/MI] GMS /KM FIELD]1 FIELD2 CODE
HC-FID 14 7.9 5.84 14 4.0 2.95 2.98 PPM 0.50 g.132 0.082
NOX~-CHEM 15 36.0 18.19 15 0.5 0.25 17.95 PPM 8.80 2.303 1.431 MPG KPL L/ V100KM
c02 23 20.3 0.426 23 2.2 0.044 0.383 % 2061 .14 539.361 335,143 8.8 7.99 12.%
co 17 5.3 13.21 17 0.0 0.0 13.21 PPM 4.52 1.183 0.735
HC-HFI1D 14 V2.2 9.19 14 4.3 3.25% 6.04 PPM 1.02 0.268 0.166
WEIGHTED VALUES HC=-HF 1D co c02 NOX MPG KPL L/ TO0KM
GRAMS/MILE 0.233 1.03 506. 2.15 FUEL ECONOMY 20.0 8.5 1.7
BEFORE ROUNDING .2329 1.027 505.7 2.147 20.0170 8.5213 11.7352
GRAMS /KM 0.145 0.638 314, 1.33
BEFORE ROUNDING . 1447 .6382 314.2 Y.334

COMMENTS: TRAP FUGARTY UNIT
wWOT @ 194

THE FUEL ECONOMY VALUE WAS CALCULATED USING CONSTANT FUEL PROPERTIES FROM PRE-1988 REGULATIONS.

3327 0O DYNO SITE:D208 TEST B7-2732



DYNO SITE: D208 TEST # B7-2732 ssxse LIGHT DUTY DIESEL PARTICULATE TEST s+sss PROCESSED: 16:22:31 APR 10, 1987
MFR - VEHICLE 10D VERSION TEST TYPE TEST PROCEDURE
MERCEDES BENZ T1511412010885 0 EXPERIMENTAL (ECTD) 7 BAG LA-4
====z==z=zzzz= PARTICULATE SAMPLING SYSTEM ====z======
CVvS UNIT TUNNEL DIAMETER TUNNEL
a2¢ 18 INCHES TY6ED
s===zz=z== EXHAUST CONNECTION CONFIGURATION ======z==z=
LENGTH SURFACE DIAMETER INSULATED NO. ELBOWS ANGLE
14 FEET SMOOTH 4 INCHES YES 1 90 DEGREES
s=s=s=s=== PARTICULATE FILTER DESCRIPTION ===s=z=z== '
DIVISION LOGBOOK EPA BATCH NO. FILTER MFR FILTER TVYPE FILTER SIZE MFR BATCH NO. BATCH EFFICIENCY
ECTD 1 17 PALLFLEX T60A20 47MM T4978 98.0%
s========= PARTICULATE TEST INFORMATION ==z=z=z===
BARO . # PRI. SECONDARY BKGD PART. MAX. TUNNEL GAS METER TEMP. (F) GAS METER PRESS. (" H20)
DATE *HG TEST TVYPE FILTERS FILTERS FILTER CARBON _TEMP. (F) BAG) BAG2 BAGY BAG2
4- 9-87 29.01 2 BAG LA-4, 2 FILTER 2 YES NO 0% 113 89.0 83.0 3.0 2.2
ser BAG NO. 1 MILES= 3.543 TOTAL vMIX= 6079.3 CUu.FT.
zz=zz=zzz==2z32222 DRY GAS METER CU.FT, =======z====s==s= =z=z=2= PARTICULATE WEIGHT, GRAMS ==z=====
............ PRIMARY . ............
TOTAL CORRECTED FLOW RATIO FLTR CORRECTED FILTER FUEL
BEFORE AFTER FLOW TOTAL FLOW (VMIX/DRYGAS) NO. BEFOKE _ AFTER TOTAL TOTAL _WT. EFF. GM/M1  GM/KM ECON., MPG
587.124 593.937 6.813 6.290 966.54 167 0.064457 0.064824 0.000367 0.355 88.6% 0.113 0.070 21.6
=2 FLOWRATES,CF/MIN ==
ACTUAL TEST/REQUESTED  ........... SECONDARY .. .......... W/SEC
0.747 0.750 168 U.UB/100 U.067147 0.000047 0.400
>>20> BAL NO. 2 MILES= 3.821 TOTAL VMIX= 10389.9 CUu.F1.
zz==z=xzz===z==2 PRY GAS METER CU.FT, ======z========== s=zx==z PARTICULATE wtlIGHT, GRAMS ======
............ PRIMARY . ... .........
TOTAL CORRECTED FLOW RATIO FLTR CORRECTED FILTER FUEL
BEFORE AFTER FLOW TOTAL FLOW (VMIX/DRYGAS) NO. BEFORE AFTER TOTAL TOTAL WT. EFF. GM/MI  GM/KM  ECON., MPG
709.159 720.481 V1,322 10.912 952.17 169 0.067246 0.067712 0.000466 0.444 90.3% 0.129 0.080 8.8
== FLOWRATES CF/MIN ==
ACTUAL TEST/REQUESTED  ........... SECONDARY . ........... w/SEC
0.7585 0.750 170 0.066911 0.066961 0.000050 0.491
PARTICULATE WEIGHTED GRAMS/MILE- 0.121 WEIGHTED GRAMS/KM= 0.075 WEIGHTED FUEL ECONOMY= 20.0 MPG

COMMENTS: 4-9-H7 FOGERTY. m/B

DYNO SITE: D208 PARTICULATE TEST # 87-2732



LYNU STTE:DZO8 TEST # B72827 | 1975 LIGHT DUTY VEHICLE ANALYSIS | PROCESSED: 15:27:16 APR 21, 1987
a _ MER . ALT EQUIVALENT ACTUAL OVER- J=mmmm———- TEST TYPE ------~--
MER . VER - REP. RUN. RETEST H.P TEST DYNO TRANS. DRIVE EXPE
200 11511412019885 0 N BAG BY BAG
CURB DRV AXLE AXLE /-=- IGNITION TIMING -~-/ [mmm—— % €O ~-~=---/ 101LE SOAK CUASTDOWN TIME
PREP DATE WEIGHT WEIGHT GAUGE MEASURE &1 #2 RPM GEAR 1DLE  HIGH SPEED RPM  GEAR PERIOD ACTUAL ADJUSTEL
) EMPTY 0 0.u
fomm = AMBIENT TEST CONDITIONS --~--- /
BARO WET AMB TEMP % REL S.HUM NOX [QVAS
‘MG BULB TEMP UNIT HUM GR/LB FACTOR ALULLIYDES RGE
28.80 60.0 73.8 F 44.4 S7.27 0.923) 42C
/o == DYNAMOMETER 1EST CONDITIONS --- -- - 7/
DYNO  ACILAL DYNO  TiRE ODOMEIER  SYSIEM
TEST DATE HR SITE Iw SET TwhHP Pl (ML) MILES
04-17-87 12 Dz08 4000 10.9 4% .00 5HHI1Y99 .0 N/A
BAL 7.45% MILES 11.99H8 KM 17383, ROUI1I REV>s. SECS. UYMIX=-16398.0 CU.FIT. DILUTIUON FALTOR 271.002
SITE #A203 EXHAUST SAaMPI E BACKGROUNDL SAMPLE CORRECTED MASS EMISSIONS AUX. AUX . AUX .,
RANGE METER CUNC . RANGE METER CONL . CONCENTRATIONS GMS | GMS/MI GMS /KM FIELD F1ELD2 CODE
i -FID 14 8.4 6.50 14 4.4 3.5% 3.09 PPM .83 0.1 0.069
NOX~CHEM 15 41.4 20.90 15 1.5 0.76 20.17 PPM 16.54 2.218 1.378 MG KPL L/ VUURM
(Wi 22 51.8 0.494 22 5.1 0.046 0.45%0 % 3822.18 512.667 318.557 9.8 8.41 1.9
co 17 5.9 14.70 V7 0.0 0.0 14.70 PPM 7.95 1.066 0.662
He -HE 1D (K] 13.3 10.01 14 4.2 3.8 6.95 PEMm V.86 0.250 0,155
LOMMENTS: HUT LA=-4 7 PSIT EGBP A} STARY ON FOGERIY TRAP WOV 190 SEC
ik FUEL ECONOMY VALUE WAS CALCULATED USING CONSTANT FUEL PROPERITIES FROM PRE- 1988 REGULATIONS.
DYHO STIE: D20 TeS1  87-20827

3427 U



DYNOU SI1TE: 208 TesSt & 87-2827 sevre LIGHT DUTY DIESEL PARTICULATE TEST #esss PROCESSED: 15:34:03 APR 21, 1987

MFR L VEHICLE 10D VERSION TEST TYPE TEST PRUCEDURE
MERCEDES BENZ 11511412019885 0 EXPERIMENTAL (ECTD) BAG BY BAG
==s===z==== PARTICULATE SAMPLING SYSTEM ===z==zz=z=zzz=
CVS UNLT JUNNEL OD1AMETER TUNNEL
42¢C 18 INCHES VBED
rzz=zs=z=zz=2 EXHAUST CONNECTIUN CONFIGURATION ===sz=zzz==
LENGTH_ _SURFACE DIAMETER INSULATED NO. ELBOWS> ANGLE
14 FEET SMOOTH 4 INCHES VES 1 90 DEGREES
zzzzz-22o2 PARTICULATE FILTER DESCRIPTION '
DIVISION LUGBOUK EPA BATCH _NO. _FILTIER MFR_ FILTER T1YPE FILVYER S1Z2E MFR _BATCH NO.  BATCH EFFICIENCY
ECTD ] 17 PALLFLFX TGUA20 47MM Ta978 98, 0%
.==zz=zzzz=x PARTICULATE TEST INFORMATION =z===z=s=z==zx
BAKR(O . » PRI . SECONDARY BKGLD PART . MAX . TUNNEL GAS METER TEMP. (F) GAS METER PRESS. (" HZz0)
LDATE T G ... Tes1oTvPE FILTERS _FILTERS FILTER CARBON _TEMP. (F) BAG) = ____ . . __ ._BaG)
4-17-87 28.86 BAG BY BAG. EQUAL SETS 1 YES NO 0% 109 84.0 278
PR BAG NO. 1 MILES= 7.45% TOTAL VMIX= 16414.4 CU.FT.
szzsazzs=zz2zs PDRY GAS MEITER CU.F), s-sscz=z2zizzz=zz =z===z23 PARIICULAYTE WEIGHT, GRAMS ==z=z===
............ PRIMARY | . ... ........
1OTAL CUORREGCILED FLOwW RATLO FLIR CORRECTERD FLLTER FUEL
_BEFOKRE  AFTER - FLOW  JOTAL FLOW  (VMIX/DRYGAS) NO. BEFORE AFTER _  TOTAL  10FAL wT. EFE.  GM/ML GM/KM  ECON., MPG
6597633 «77.357 17.724 16 az20 999 GaE 171 0°087781 o 08771 0.000513 0,513 BA8%  0.077 0.0a8 19.7
-2 FLUWRATES ,CF/MIN -2
TESH/REQUESILED L. .. SECUMDARY ... ... ... W/SEC
0.7%0 172 .o uodydua 0.u68486Y9 0. 000ues 0.578

COMMENTS: 4-17 87 FOUERTY TRAP 1OV VA-4 wW/7¢ST EGRP

OYNO SITE: Doud  PARDTLCULANL L) & 87 a2y



DYNO SITE:D2UH TEST # H728088 | 1975 LIGHT DUTY VEHICLE ANALYSIS | PROCESSED: 11:10:17 APR 27, 1987

a MFR . ALT. EQUIVALENT ACTUAL OVER~ R TEST TYPE --------
MFR . VER- REP. RUN. RETEST H.P. TEST DYNO TRANS. DRIVE EXPE
200 1151141201985 V] N B8AG BY BAG
CURB DRV AXLE AXLE /~-= IGNITION TIMING --~-/ /----=- % CO -~-=---- / IDLE SOAK COASTDOWN TIME
PREP DATE WEIGHT WEIGHT GAUGE MEASURE 21 ”2 RPM GEAR IDLE HIGH SPEED RPM GEAR PERIOD ACTUAL ADJUSTED
EMPTY 0 0.0
/- =-=~-=- AMBIENT TEST CONDITIONS --~--- /
BARU DEw AMB TEMP % REL S . HUM NOX Ccvs
"HG POINT TEMP UNIT  HuM GR/LB FACTUR ALDEHYDES RGE
29.00 45.84 74.0 O 36.6 47.11 0.8441 42C
J--—=mm - DYNAMOMEIER TEST CONDITIONS -------- /
DYNU  ACTUAL DYNO TIRE ODOMETER SYSTEM
1eEST DATE MR SITE Iw SET TwHP PSSt (MI) MILES
1uq-23-87 2o D208 4000 10.9 45.00 58288.0 N/A
BAG 1 7.443 MILES 11.978 KM 17354. ROLL REVS. SECS. VMIX=16500.0 CU.FT. DILUTION FACTOR = 30.050
St #A200 EXHAUST SAMPLE BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX . AUX . AUX .
RANGE METER CONC . RANGE METER CONC. CONCENTRATIONS GMS . GMS/MI] GMS /KM FIELD FIELD2 CODE
HE FID K] 8.7 6.43 14 4.0 2.95 3.57 PPM 0.96 0.129 0.080
NOX CHEM 15 37.4 18 .90 15 0.8 0.41 18.50 PPM 14.62 1.964 1.220 MPG KPL L7 100KM
O 22 46.8 0.443 22 5.0 0.045 0.400 % 3421.41 459.679 285 .631 22.0 9.37 10.7
[&9] V7 5.9 14,70 17 0.0 0.0 14.70 PPM 8.00 1.075 0.668
HL-HE LD 14 13.7 10. 1 14 3.7 2.80 7.61 PPM 2.05 0.275 0.7

COMMENTS: 14/5 LA-4 FOGERTY TKAKP LOADEDL TO 2.5 P51

THE FUEL ECONOMY VALULE WAS CALCULATED USING CONSTANT FUEL PROPERTIES FROM PRE-1988 REGULATIONS.

4327 O DYNO SllE:D2us rest 87-2884



DYNO SITE: D208 TEST # 87-2888 $+s+4 LIGHT DUTY DIESEL PARTICULATE TEST #*sss» PROCESSED: 08:41:59 APR 29, 1987

MFR VEHICLE 1D VERSION TEST TYPE TEST PROCEDURE
MERCEDES BENZ 11511412019885 0 EXPERIMENTAL (ECTD) BAG BY BAG
zz==z=zzz=== PARTICULATE SAMPLING SYSTEM =====z======
CVS UNIT TUNNEL DIAMETER TUNNEL
42C 18 INCHES 18ED
=z======== EXHAUST CONNECTION CONFIGURATION ===z====z=z==
LENGTH SURFACE DIAMETER INSULATED NO. ELBOWS ANGLE
14 FEET SMOOTH 4 INCHES YES 1 90 DEGREES
======z==z PARTICULATE FILTER DESCRIPTION ==========
DIVISION LOGBOOK EPA BATCH NO. FILTER MFR FILTER TYPE FILTER SIZE MFR BATCH NO. BATCH EFFICIENCY
ECTD 1 17 PALLFLEX T60A20 47MM T4978 98.0%
=====z=z2zz= PARTICULATE TEST INFORMATION =====z==z====
BARQ. # PRI. SECONDARY BKGD PART. MAX. TUNNEL GAS METER TEMP. (F) GAS METER PRESS. (" H20)
DATE " HG TEST TVYPE FILTERS _FILTERS FILTER CARBON TEMP. (F) BAG) BAG1
4-23-87 29.00 BAG BY BAG, EQUAL SETS 1 YES NO 0% 98 86.0 1.8
>>>0> BAG NO. 1 MILES= 7.443 TOTAL VMIX= 16515.4 CU.FT.
zz=z==z==z=zzz== DRY GAS METER CU.FT. ===zz=z=z=zz=z=z=z=z==z =z==== PARTICULATE WEIGHT, GRAMS ======z
............ PRIMARY . ... ........
TOTAL CORRECTED FLOW RATI10 FLTR CORRECTED FILTER FUEL
BEFORE AFTER FLOW TOTAL FLOW (VMIX/DRYGAS) NO. BEFORE AFTER TOTAL TOTAL WT. EFF. GM/MI  GM/KM ECON., MPG
616.260 632.771 16.511 15.368 1074.63 173 0.067188 0.067777 0.000589 0.633 90.6% 0.094 0.058 22.0
== FLOWRATES,CF/MIN ==
TEST/REQUESTED . .......... SECONDARY .. .......... W/SEC
0.750 174 0.067346 0.067407 0.000061 0.698

COMMENTS: 4-23-87 FOGERTY H/S LA-4 LOADING 2.5 PSI

DYNO SITE: 0208 PARTICULATE TEST # B7-2888



DYNO SITE:D208 TEST # 873003 | 1975 LIGHT DUTY VEHICLE ANALYSIS | PROCESSED: 09:06:44 MAY 7, 1987

a MFR . ALT. EQUIVALENT ACTUAL OVER- [~—mmm - TEST TYPE --------
MFR . VER- REP. RUN. RETEST H.P. TEST DYNO TRANS . ORIVE EXPE
200 11511412019885 0 N CVS 75-LATER
CURB DRV AXLE AXLE /--- IGNITION TIMING ~--/ [/------ % CO ------ / IDLE SOAK COASTDOWN TIME
PREP DATE WEIGHT WEIGHT GAUGE MEASURE #) [ ¥ RPM GEAR IDLE HIGH SPEED RPM GEAR PERIOD ACTUAL ADJUSTED
04-30-87 EMPTY 0 0.0
S AMBIENT TEST CONDITIONS ------ /
BARO ODEw AMB TEMP % REL S.HUM NUX Cvs
“HG  POINT TEMP UNIT HUM GR/LB FACTOR AL DEHYDES RGE
29.04 46.4 7%.6 D 35.5 48.14 0.8879 42C N
J=m=mmm-- DYNAMOMETVER TEST CONDITIONS -------- /
DYNO ACIUAL DYNO TIRE ODOMEIER SYSTEM
TEST DATE HR SITE 1w SET TWHP PS1 (M) MILES
05-01-87 Y DzZUB 4000 10.9 45.00 58411.0 N/A
BAG ) 3.623 MILES 5.831 KM B44B8. ROLL REVS. SECS. VMIX= 5654.0 CU.FT. DILUTION FACTOR = 21.647
SITE #A203 EXFAUST SAMPLE BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX. AUX . AUX .
RANGE METER CONC. RANGE METER CONC.  CONCENTRATIONS GMS . GMS/MI GMS /KM FIELDI FI1ELD2 C(ODE
HC-F10 14 11.6 8.58 14 4.8 3.5% 5.20 PPM 0.48 0.132 0.082
NOX~-CHEM 15 50.0 25.21 15 0.7 0.36 24.88 PPM 6.76 1.867 1.160 MPG KPL L/ 100KM
Co2 22 63.7 0.616 22 5.0 0.045 U.573 % 1678 .44 463.234 287 .840 21.9 9.30 10.7
co 17 6.8 16.93 7 0.0 0.0 16.93 pPM 3.16 a.871 U.541
HC-HF 1 D. 14 23.3 17.46 14 3.4 2.57 15.01 PPM 1.39 0.382 0.238
BAL 2 3.8BB4A MILES ©.250 KM HULH . ROLL REVDY. SECS. VMIX= 9709.0 CU.FT. DILUTION FACIOR = 3%5.437
SITE #A203 EXHAUST SAMPI E BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX . AUX. AUX .
RANGE METER CUNL.  RANGE METER CONC. CUNCENTRATIONS GMS | GMS/MI GMS /KM FLELDI F1ELD2 (ODLE
HC-F1D 14 H.b b.24 14 4.0 2.9% 3.41 PPM 0.54 0.139 0.087
NOX-CHEM 15 .5 19,93 5 u.?2 0.10 15.83 PPM 7.39 1.903 1.183 MPG KeL L/ VO0KM
Co2 22 qu. 40 U.370 22 4.8 0.043 0.3449 % 1640.57 432.730 268 .486 23.4 9.95 101
co 17 5.1 12.72 V7 0.0 0.0 12.72 PPM 4.07 1.048 0.651
HC-HF LD 14 14.6 10,99 14 3. 2.3% 8.70 PPM V.38 0.3%% 0.22)
BAG 3 3.60UY MILES 5. HUB kM H414. ROLL REVS, SECS. VvMIX= 5721.0 CU.FT. DILUTION FACTOR = 23.02)
SITE #A203 EXHAUST SAMPLE BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX . AUX. AUX .
RANGE METER CUNC . RANGE  METER CONC . CONCENTRATIONS GMS . GMS /M1 GMS /KM FLELD FLELDZ CODE
HC-FID 14 8.7 6.44 14 4.0 2.9% 3.60 FPM 0.34 0.093 0.05%8
NOX -~ UHEM 15 50,2 25.32 19 U.6 0.31 25.02 PPM 6.88 1.908 1.185 MPG KPL L/ 100KM
Co2 22 60 .2 0.579 22 4.8 0.043 0.538 % 1596.07 442,281 274.820 22.9 9.75 10.3
co 17 6.5 16.19 17 u.u 0.0 16.19 PPM 3.05 0.846 0.526
HC-HF 1D 14 12.8 9.64 14 3.2 2.42 7.32 PPM 0.68 0.190 0.118
WELIGHTED VALUES HC -HE LU cQ Lo NOX “C-Fi10 MPG KPL L/ 100KM
GRAMS/MILE u.31% U.9%0 442, 1.90 V22 FUEL ECONOMY 22.9 y.8 10.3
BEFURE ROUNDING L3155 L9599 aq1 .7 1.897 —= = 22.8926 9.7554 10.2506
GRAMS 7 KM 0.196 0.%94 2714, 1.18 10
BEFORE ROUNUING . 1960 .5940 274.4 1.179
PARTICULATE ULMS. /M1, BAG-t L. 1Y, BAG-2 0.079, BAG-3 0.109, WEIGHTED 0.095
QuT

COMMENTS: FOGERTY TRAP WOl 190 SEC AU14 FLID REIURN CAL OF SPEC. SPAN & ZERO
»

THE FUEL ECUNUMY VALUE WAS CALCULATED USING CONSTANT FUEL PROFERTIES FROM PRE-1988 REGULATIONS.

3327 0O OYNQ SITE: D204 TESY 87-3003



LYNO SLTE: D2ud IEST # 87-3004 evess LIGHT DUTY DIESEL PARTICULATE TEST s4%és PROCESSED: 14:06:55 MAY 4, 1987

MER . VERICILE 1D VERSION TEST TYPE TEST PRUCEDURE
MERCEDES BENZ 11511412019885 0 EXPERIMENTAL (ECTD) CVS 75-LATER
z=szzsz=== PARTICULATE SAMPLING SYSTEM ====zz=z==zz
CVy UNILT TUNNEL DIAMETER TUNNEL
a2¢ 18 INCHES “V8ED
z==zz=zzzz2=z=z EXHAUST CONNECTION CONFIGURATION =======z===x
LLNGTI) _SURFACE DIAMETER INSULATED NO. ELBOWS ANGLE
14 FEET SMOOTH 4 INCHES YES 1 90 DEGREES
zzzxzzzzzz PARTICULATE FILTER DESCRIPTION =====zzzz=z= .
DIVISION  LOGBOUK EIFA BATGH NO FILIER MFR_ FILTER TVvPE FILTER SIZE MFR BATCH NO. BATCH EFFICIENCY
ECTD } 17 PALLFLEX T6E0A20 47MM T4978 98.0%
Srzzizzza- PARTICULATE TESLT INFORMATION z=z=z2=zz=z=z3
BARO . # PRI. SECONDARY BKGD  PART. MAX. TUNNEL GAS METER TEMP. (F) GAS METER PRESS. (" H20)
LATE T HG o TEST Type FILTERS FILTERS — FILTER CARBUN TEMP. (F) BAGl BAG2 BAG3 _.BAGY_BAG2 BAG3
- )V B7 29.04 3 BAG FTP, 3 FILTER 3 YES NO 0% 109 80.0 85.0 84.0 2.8 2.4 2.8
soes. HBAL NU. 1 MILES:  3.623 TOTAL VMIX= 5660.3 Cu.F1,
e e e oo LDRY GAS> METER (U.FT, ===xszz=szuszozs:o =<2zz2:z2 PARTICULATE WEIGHT, GRAMS ==z==:==
............ PRIMARY .. ...........
LUlAL LUKRECTED FLOW RALLOQ FLTR CORRECTVED FILTER FUEL
BEFORE  AFTER  FLOW  1OTAL FLOW (VMIX/DRYGAS) NO.  BEFORE  AFIER TOTAL  TOTAL WT.  EFF.  GM/ML GM/KM ECON., MRG
%6.086 /62.714 6.628 6.262 903.8% 177 0.064953 0.065394 0.000441 0.399 93.4% 0.1i18 0.073 21.8
=z FLOWRATES ,CF/MIN ==
ACITUAL  TEST/REQuUESTED L. o ... SECONDARY .. ... ... ... w/sSEC
0.744 0.75%0 178 0.0643872 0.064413 0.000031 Nn.427
.o HAL NO 2 MILES= J.444 TOLAL VMIX= 9719.6 CU.FT,
-------------- ODRY GAS METER (U.FT, 2--c--z-t_zz_z2 z=zz22z PARTICULATE WEIGHT, GRAMS ====z=
............ PRIMARY .. ...........
10TAL CORRECTED F1OW RATIO0O FILLTR CORRECTED FILTER FUEL
OKE  AFIEK  FLOW  TOTAL FLOW (VMIX/DRYGAS) NO.  BEFORE AFTER TOTAL _ TOTAL WT. EFF.  GM/MI GM/KM ECON., MPG
518 658.598 11.080 .603 916. 179 0.065838 0.066131 0.000293 0.269 87.7% 0.07 0.049 23.3
22 FLOWRATES ,CF/MIN
ACTUAL  TEST/REQUESTED L. .. ... ... SECONDARY ... . ..., w/SEC
0.734 750 180 0.065352 0.065393 0.000041 .306
PN HAL N, o MlLtEL: 3.60Y TOTAL VML X= 5721.3 CU.FT.
feseTi2ie<a . DRY WAL MEILKC (LU.F], ==zzzzuzmzsizzzzoz ==z==== PARIICULATE wElqu. GRAMS ==z=====
............ PRIMARY .. ..........
totAL CORRECIED FLOw RATIOD FLIR CORRECTED FILTER FUEL
BERURE AP LK FLOW  10TAL FLOow  (VMIX/DRYGAS) NO. BEFORE AFTER TOTAL TOTAL WT. EFF. GM/MI  GM/KM ECON., MPG
762.714 769,446 6.722 6.304 908 . 48 183 0.066223 0.066602 0.000379 0.344 87.1% 0.109 0.068 22.9
-~ FLOWRATEL ,CF/MIN ==
ACIUAL  TEST/REQUESTED . ... ..., SECUNDARY .. .......... W/SEC
0.749 0.750 184 0.065988 0.066044 0.000056 0.395
PARITICULATE wi TGHIED GRAMS/MILE<  0.U09S WEIGHTED GRAMS/KM= 0.059 WEIGHTED FUEL ECONOMY= 22.9 MPG

COMMENTS: 9 1 B2 FOGERIY TRAP HEATED FID DATA VOID

DYNO SITE: D208 PARTICULAIE TESY # H/-300Lys



DYNO SITE:D208 TEST # 873004 | 1975  LIGHT DUTY VEHICLE ANALVSIS | PROCESSED: 16:58:21 MAY 7, 1987

a MER . ALT, EQUIVALENT ACTUAL OVER~ [=m—m - TEST TYPE ~----~-~--
MER . VER - REP ., RUN. REITEST H.P. TESTY DYNO TRANS . DRIVE EXPE
200 115114120198485 0 N 2 BAG LA-4
CURB DRV AXLE AXLE /- IGNITION TIMING ~--~/ /-=-=-~- % CO ~----- / IDLE SOAK COASTDOWN TIME
PREP DAVE WEIGHT  WEIGHT., GAUGE MEASURE '3 2 REM GEAR IDLE HIGH SPEED REM  GEAR  PERIOD ACTUAL ADJUSTED
us- - u6-87 EMPTY 0] 0.0
/- ==~ -=- AMBIENT TEST CONDITIONS ~--=--- /
BARU DEw AMB TEMP % REL S.HUM NOX Cvs
“HG POINT TEMP UNIT HUM GR/LB FACTOR ALDEHYDES RGE
29.15 45,0 74.%5 D 34.9 45.45 0.8780 42C
Jmmm o DYNAMOMETER TEST CONDITIONS -------~ /
DYNO  ACTUAL DYNO TIRE ODOMETER SYSTEM
TEST DATE HR SITE Iw SET TwHP PS1 (MI) MILES
05-07-87 12 Dzu8 4u00 10.9 45.00 58475.9 N/A
BAG | 3.556 MILES 5.722 KM H8290. ROLL REVS. SECS. VMIX= 5892.0 CU.FT. DILUTION FACTOR = 21.960
SUTE #A203 EXHAUST SaMPLt BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX. AUX. AUX .
KANGE METER CONC . RANGE MEITER CONC. CONCENTRATIONS GMS . GMS/MmI GMS /KM FIELD FIELD2 CODE
HOCRLD 14 V2.9 Y.%54 14 4.4 3.2% 6.44 PPM 0.62 0.174 0.108
NOX--CHEM 15 49 .7 25 . U7 15 .8 0.41 24 .64 PPM 6.91 1.,94% 1.208 MPG KPL L/ 100KM
(WP 22 62.8 1. bLL 22 S.U 0.045% 0.564 % 1720.60 483 .92 300.695% 20.9 8.90 1.2
co 17 4.3 20,65 17 0.0 0.0 20.65 PPM 4.01 1,128 0.70)
HMC-nF LD 14 24.5 14 .35 14 4.0 3.03 15.47 PPM 1.49 0.419 0.260
BAG 2 3.854 MILES 6.203 nM HYB7Z7., RO REVS. SEUS. VMIX= 9914.0 CU.FT. DILUTION FACTOR = 37.066
SITE #A203 EXHAUST SAMPL BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX . AUX . AUX .,
"RANGE  MEIER CuNG . RANGE METER CONU.  CONCENTRATIONS GMS . GMS /M1 GMS /KM FLELD FIELLD2 CODE
HC~F 1D 14 9.0 6. 6% 14 4.0 2.9% 3.78 PPM 0.61 0.159 0.099
NOX -(ritMm 5 30.2 15 .27 15 th. 6 0.31 14.98 PPM 7.06 1.832 1.138 MPG KPL L/ 100KM
co2 22 38.3 0,354 22 5.2 0.046 0.314 % 1611.69 418,138 259 .817 24.2 10.29 9.7
co 17 5.7 14,20 17 u.u 0.0 14.20 PPM 4.64 1.20% 0.749
HO-HELD {4 14.5 10.91 14 3.7 2.80 8.9 PiM 1.32 U.344 0.214
WElGLHIED VALUES HE-HE D (W] L2 NUX MPG KPL L/ YO0KM
GRAMS /M LE U, J8u 1.7 RLTUS .89 FUEL ECONOMY 22.5 9.6 10.4
BEFORE ROUNDING L3197 1. 18 44y .17 1.886 22.4609 9.5702 10.4491
GRAMS /KM ).236 . 726 219, 1.17
BEFORE KOUNDING L2359 L12n7 219 .4 Vovl2
CUMMENLES : UDUMMY  TRAP BASEL THE WOl 190 SEC BAG 1 #3 FILIER DID NOV LUAD. CHANGE TEST

10 2 BaG LAd

THE FUEL LCONOMY VALUE WAS CALCULATED USING CONSTANT FUEL PROPERTIES FROM PRE-1988 REGULATIONS.

3321 O DYNO S11E:D2ud 1EST  87-3004



DVYNO S1TE: DZUB LSl & ¥7-3004 seess L IGHT DUTY OLESEL PARTICULATE TEST *#ses PROCESSED: 10:08:14 MAY 13, 1987

. MER_ __VEHIULE 1D VERSION TEST TYPE TEST PROCEDURE
MERUEDES BENZ 11511412019885 0 EXPERIMENTAL (ECTD) 2 BAG LA-4
zazrzzazzs PARVICULATE SAMPL ING SYSTEM ==ss==s==z==zz
Cy> UNIT JUNNEL DIAMETER TUNNEL
a? 18 INCHES 18ED
z=zozzz:ioc EXHAUST CONNECTION CONFIGURATION =sss=z=zz===
LENGIT _SUKFALE DIAMETER INSULATED NO. ELBOWS ANGLE
14 FEET SMOOTI 4 INCHES YES 1 90 DEGREES
feme oo BARTICULATE FILTER DESURIPTION =szzzz=zz=z==
UIVISTON  LOGBOUR EPA BATLH NUO, k11 TER MER FILTER TYPE FILTER S1ZE MER BATCM NU. BATCH EFFICIENCY
ECTD 1 V7 PALLFLEX Te0AZ0 37MM 74978 98 .0%
s.cmsuzzzz PARTICULATE TEST INFORMATION ==zzzz=zz==z=
HARU, ¢ PRI SECUNUARY  BKGD  PART. MAX. TUNNEL GAS METER TEMP. (F) GAS METER PRESS. (" H20)
L UALL MG kST IvEE C FLLIERS FILIERS FILTER CARHON TEMP. (F) BAG! BAGZ . BAG1 BAG?
5-°7-87 29.15 2 BAG 'A~a. 2 F11TER 2 YES NO 0% 109 81.0 a2.0 2.8 2.2
ves s BAL NO. MilES-  3.5506 TOTAL vMIX= SBYB.U CU.FT.
S DRY GAS METER Co.F1l, fo-eoociooon=_o zzozz: PARTICULAYE WEIGHT, GRAMS -zzzzz
............ PRIMARY . ... .......
TUTAL CORKRECIED FLuw RATLIO FLIR CORRECYED FILTER FUEL
BEFORE  Ardei  _FLOW  10TAL FCOW  (VMIX/DRYGAS)  NO.  BEFORE At IER  _ TOTAL  TOTAL wWl. EFF. LM/MI GM/RM ECON. , MPG
773.601 779.976 6.375 6.035 977.35 185 0.067194 0.0cH68Y 0.001487 1,453 97.4% 0.409 0.254 20.9
=2 FLUWKRATES  (F/MIN ==
ACITUAL  TEST/REQUESIED ... ... ... SECONDARY ... ... ..., w/SEC
0.7 0.750 186 0.0bb7B4 U.UbLLBYS3  U.0OODDIY 1.491
P BAL ND., 2 MiLE>S-  3.H54 TOTAL VMIX= 9923.8 Cu.FT.
flmmc b, e se= PDRY GAS MEIER (1) F), S caccacsnsaz = PARTICULATE WEIGHY, GRAMS ====zz==
............ PRIMARY ... .. ........
1utaL CORKECTEU  FLOW RATIO  FLTR CORRECTED FILTER FUEL
BEFORE  AFLER CFLOW  [OTAL FLow  (VMIX/DRYGAS)  NO, BEFORE  _AFTER TOTAL TOTAL WT. EFF. GM/MI  GM/KM  ECON., MPG
658.706 668.849 10.143 9,792 101344 187 0.065347 0.067073 0.001726 1.749 97.4% 0.454 0.282 24 .1
- FLUWRATES ,CF/MIN ==
ACITUAL  TESI/REQUESIED o . L. SECONDARY . ... ........ w/SEC
.68 Tl 750 188 D.066573 0.U6b619 0.000D4A6 1.796
PARTIUCULATE whltilbED URAMS/MILI & - t).4a442 WEIGHTED ULRAMS/KM= 0.269 WEIGHTED FUEL ECONOMY= 22.5 MPG

COMMENTS: S5 7 48/ rie M/8. DUMMY [TRAF #3 FILTER DID NOT LOAD

DYNO SITE: D208 PARTICULAIE VTEST # H7 3004
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DYNO SITE:D208 TEST #» 86-1689 ]

1975 LIGHT DUTY VEHICLE ANALYSIS | PROCESSED: 09:28:50 FEB 6, 1986
MFR . ALT EQUIVALENT ACTUAL OVER- fommmm TEST TYPE ---~~-~-~ /
MFR. VER- REP. RUN. RETEST H.P. TEST DYNO TRANS . DRIVE EXPERIMENT4L (ECTD)
CODE VEHICLE I.D. SION EVAP INIT. CHG. CODE ACHP METH WEIGHT H.P. CONFG. CODE Jmm——-- TEST PROCEDURE -~---- /
200 11511412019885 0 N BAG BY BAG
DRIVE MEASURED
CURB AXLE AXLE /--- IGNITION TIMING ---/ /[--=---~ % CO ------ / IDLE SOAK COASTDOWN
PREP DATE WEIGHT WEIGHT GAUGE MEASURE #1 #2 RPM GEAR LEFT RIGHT COmMB RPM GEAR PERIOD TIME
0
/- AMBIENT TEST CONDITIONS ------ /
BARO WET AMB TEMP % REL S.HUM NOX cvsS
"HG BULB TEMP UNIT HUM GR/LB FACTOR ALUEHYDES RGE
28.92 62.1 73.4 F 53.1 67.52 0.9661 42C
/=== DYNAMOMETER TEST CONDITIONS -------- /
DYNO ACTUAL DYNO TIRE ODOMETER SYSTEM
TEST DATE HR SITE Iw SET TWHP PSI (Mm1) MILES
02-04-86 11 D208 4000 10.9 45.00 5S3819.0 N/A
BAG 1 7.490 MILES 12.054 KM 17463. ROLL REVS. SECS. VMIX=16241.0 CU.FT. DILUTION FACTOR = 33.338
SITE #A203 EXHAUST SAMPLE BACKGROUND SAMPLE CORRECTED MASS EMISSIONS . AUX. AUX . AUX.
RANGE METER CONC. RANGE METER CONC. CONCENTRATIONS GMS . GMS /MI GMS /KM FIELDY FIELD2 CODE
HC-FID 14 9.2 7.56 14 4.6 3.80 3.87 PPM 1.03 0.137 0.085%
NOX-CHEM 15 31.9 16.10 15 0.1 0.05 16.05 PPM 13.64 1.822 1.132 MPG KPL L/ 100KM
co2 22 43.0 0.399 22 4.6 0.039 0.361 % 3038.15 405.639 252.053 25.0 10.62 9.4
Cco 17 5.9 14.27 17 0.0 0.0 14.27 PPM 7.64 1.020 0.634
HC-HFID 16 4.0 11.92 16 1.2 3.58 8.45 PPM 2.24 0.299 0.186
COMMENTS: DUMMY TRAP HOT LA-4 - P195 75R14 TIRES.
3327 O DYNO SITE:D208 TEST 86-1689



DYNO SITE: D208 TEST # 86-1689 ssess LIGHT DUTY DIESEL PARTICULATE TEST *#+ss PROCESSED: 09:27:11 FEB 6, 1986

MFR VEHICLE 1D VERSION TEST TYPE TEST PROCEDURE
MERCEDES BENZ 11511412019885 4] EXPERIMENTAL (ECTO) BAG BY BAG
=======z=z2= PARTICULATE SAMPLING SYSTEM ==========
CVS UNIT TUNNEL DIAMETER TUNNEL
42C 18 INCHES 1BED
s=z===z=z==== EXHAUST CONNECTION CONFIGURATION ==========
LENGTH SURFACE DIAMETER INSULATED NO. ELBOWS __ANGLE
14 FEET SMOOTH 4 INCHES YES 1 90 DEGREES
z==z====== PARTICULATE FILTER DESCRIPTIQON ==========
OIVISION LOGBOOK EPA BATCH_NO. FILTER MFR FILTER TVPE FILTER S1ZE MFR BATCH NO. BATCH EFFICIENCY
ECTD 1 17 PALLFLEX T60A20 47MM T4978 98.0%
s==xz====== PARTICULATE TEST INFORMATION =======zz==
BARO. # PR1. SECONDARY BKGD PART. MAX. TUNNEL GAS METER TEMP. (F) GAS METER PRESS. (* H20)
DATE " HG TEST TYPE FILTERS FILTERS FILTER CARBON TEMP. (F) BAGI BAG1
2- 4-86 28.92 BAG BY BAG, EQUAL SETS 1 YES NO 0% 104 74.0 2.4
>>>>> BAG NO. 1 MILES= 7.490 TOTAL VMIX= 16255.7 CU.FT.
z==z========z==z== DRY GAS METER CU.FT., ==zzz=zz=zz==zz==z =====z= PARTICULATE WEIGHT, GRAMS ======
............ PRIMARY . ... . ........
TOTAL CORRECTED FLOW RATIO FLTR CORRECTED FILTER FUEL
BEFORE AFTER FLOW  TOTAL FLOW (VMIX/DRYGAS) NO. _BEFORE AFTER TOTAL  TOTAL WT. _EFF.  GM/MI  GM/KM ECON., MPG
545.177 561.106 15.929 14.682 110721 34 0.006223 0.009099 0.002876 3.184 99 . 1% 0.425 0.264 24.9
=z FLOWRATES  CF/MIN ==
TEST/REQUESTED  ........... SECONDARY ............ w/SEC
0.750 35 0.004697 0.004724 0.000027 3.214
COMMENTS: M~-B HOT START 2-4-H6 W/DUMMY TRAP (P195 75R14 TIRES)

DYNO SITE: D208 PARTICULATE TEST & Bb6-1689



DYNO SITE:D208 TEST # B6-1690 | 1975 LIGHT DUTY VEHICLE ANALVSIS | PROCESSED: 09:28:53 FEB 6, 1986
MFR. ALT EQUIVALENT ACTUAL OVER- [mmm—————- TEST TYPE -------- /
MFR . VER- REP. RUN. RETEST H.P. TEST DYNO TRANS. DRIVE EXPERIMENTAL (ECTD)
CODE VEHICLE 1.D. SION EVAP INIT. CHG. CODE ACHP METH WEIGHT H.P. CONFG. CODE /--——=- TEST PROCEDURE ------ /
200 11511412019885 0 N BAG BY BAG
DR1VE MEASURED
CURB AXLE AXLE /=== IGNITION TIMING ---/ [----=-- % CO --=---- / 1DLE SOAK COASTDOWN
PREP DATE WEIGHT WEIGHT GAUGE MEASURE #1 #2 RPM GEAR LEFT RIGHT COMB RPM GEAR PERIOD TIME
o
=== AMBIENT TEST CONDITIONS ~----- /
BARO WETY AMB TEMP % REL S.HUM NOX cvs
“HG BULB TEMP UNIT HUM GR/LB FACTOR ALDEHYDES RGE
286.83 62.7 73.5 F §5.0 70.50 0.9793 42C
== DYNAMOMETER TEST CONDITIONS ~---~--- /
DVYNO ACTuUAL DYNO TIRE ODOMETER SVSTEM
TEST DATE HR SITE Iw SET TWHP PSI (M1) MILES
02-04-86 13 D208 4000 10.9 45.00 S3833.0 N/A
BAG 1 7.486 MILES 12.048 KM 17455, ROLL REVS. SECS. VMIX=16226.0 CU.FT. DILUTION FACTOR = 32.136
SITE #A203 EXHAUST SAMPLE BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX. AUX . AUX .
RANGE METER CONC. RANGE METER CONC. CONCENTRATIONS GMS . GMS/MI GMS /KM FIELD) FIELD2 CODE
HC-F1D 14 9.0 ~ 7.40 14 4.4 3.64 3.87 PPM 1.03 0.137 0.085
NOX-CHEM 15 32.7 16.51 15 0.1 0.05 16.46 PPM 14.16 1.892 1.176 MPG KPL L/ 100KM
co2 22 44.5 0.414 22 4.9 0.042 0.374 % 3140.64 419.515 260.675 24.1 10.27 9.7
co 17 6.0 14.52 17 0.0 0.0 14.52 PPM 7.717 1.037 0.644
HC-HFID 14 15.9 11.95 14 4.9 3.68 8.39 PPM 2.22 0.297 0.185
COMMENTS: LA-4 ONE BAG W/FOGARTY UNIT WOT e 195 P195 75R14
1327 0O DYNO SITE:D208 TEST 86-1690



DYNO SITE: D208 TEST # 86-1690 *sses LIGHT DUTY DIESEL PARTICULATE TEST es*s» PROCESSED: 09:27:18 FEB 6, 1986

MFR VEHICLE ID VERSION TEST TVYPE TEST PROCEDURE
MERCEDES BENZ 11511412019885 4] EXPERIMENTAL (ECTD) BAG BY BAG
z===z====z= PARTICULATE SAMPLING SYSTEM ==s=z==z==z=zz==
CVvS UNIT TUNNEL DIAMETER TUNNEL
42C 18 INCHES 18ED
s===z====== EXHAUST CONNECTION CONFIGURATIQON =s=s=s==z=z=z==z
LENGTH SURFACE DIAMETER INSULATED NO. ELBOWS ANGLE
14 FEET SMOOTH 4 INCHES VES [ 90 DEGREES
2==z====2= PARTICULATE FILTER DESCRIPTION =z==z==z=z===z
DIVISION LOGBOOK EPA BATCH NO. FILTER MFR FILTER TYPE FILTER SIZE MFR BATCH NO. BATCH EFFICIENCY
ECTD ] 17 PALLFLEX T60A20 47MM T4978 98.0%
s==s===3== PARTICULATE TEST INFORMATION ===ss=z=:=
BARO. s PRI SECONDARY BKGD PART. MAX. TUNNEL GAS METER TEMP. (F) GAS METER PRESS. (" H20)
DATE " HG TEST TYPE FILTERS FILTERS FILTER CARBON TEMP. (F) BAG) BAG)
2- 4-86 28.83 BAG BY BAG, EQUAL SETS 1 VES NO 0% 100 74.0 3.0
>>>%> BAG NO. 1 MILES= 7.486 ' TOTAL VMIX= 16241.3 CUu.FT.
sz==z=z=2=====2== DRY GAS METER CU.FT. =====s======3=z== ====== PARTICULATE WEIGHT, GRAMS ======
............ PRIMARY .. ...........
TOTAL CORRECTED FLOW RATIO FLTR CORRECTED FILTER FUEL
BEFORE AFTER FLOW TOTAL_FLOW (VMIX/DRYGAS) N BEFORE AFTER TOTAL TOTAL WT. EFF. GM/MI GM/KM ECON., MPG
569.068 5B85.660 16.592 15.268 1 71 36 0.005259 0.006226 0.000967 1.029 95.6% 0.137 0.08% 241
== FLOWRATES,CF/MIn ==
TEST/REQUESTED  ........... SECONDARY . ........... W/SEC
0.750 37 0.004953 0.004997 0.000044 1.075
COMMENTS: 2-4-86 FOGERTY HOT START P195/75R14 TIRES

DVNO SITE: D208 PARTICULATE TEST # 86-1690



DYNO SITE:D208 TEST # 8708148

a MFR
MFR . VER- REP.
200 1151141201988% 0 N
CURB DRV AXLE
PREP DATE WEIGHT WEIGHT GAUGE M
EMPTY
f-=mmmm— AMBIENT TEST CONDITIQONS ~---
BARO WET AMB TEMP % REL S.HUM .
“HG BULB TEMP UNIT HUM GR/LB FA
29,22 9.8 73.2 F 45.2 56.38 0.
/=== DYNAMOMETER TEST CONDITIONS
DYNO ACTUAL DYNO TIR
TEST DATE HR SITE IwW SET TWHP PS
11-25-86 14 D208 4000 10.9 45.0
HAG 1 7.423 MILES 11,947 KM 17308. R
SITE #A203 EXHAUST SAMPLE
RANGE METER CONC. R
HC-FID 14 9.1 6.73
NOX -CHEM 15 34.6 17.33
co2 22 43.7 0.412
co V7 5.5 13.58
HC-HFID 14 9.8 7.39
COMMENTS: M/8 HOT LA-4 W/FOGERTY TRAP

TEST #870817

THE FUEL ECONOMY VALUE WAS CALCULATED

| 1975  LIGHT DUTY VEHICLE ANALYSIS | PROCESSED: 11:24:1) NOV 26, 1986
. ALT. EQUIVALENT ACTUAL OVER- [ m TEST TYPE --------
RUN. RETEST H.P. TEST DYNO TRANS. DRIVE EXPE
BAG 8Y BAG
AXLE /==~ IGNITION TIMING ---/ [-=-—-~ % CO ------ / I1DLE SOAK COASTDOWN TIME
EASURE LA ”2 RPM GEAR LEFT RIGHT CowMmB RPM GEAR PERIOD ACTUAL ADJUSTED
[¢] 0.0

===/
NOX Cvs
CTOR ALDEHYDES RGE
9195 42C

''''''' /
E ODOMETER SYSTEM

1 (Mm1) MILES
0 65691.0 N/A
gLL REVS. SECS. VMIX=16549.0 CU.FT. DILUTION FACTOR = 32.353
BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX . AUX. AUX .,
ANGE METER CONC. CONCENTRATIONS GMS | GMS/MI GMS/ KM FIELD) FIELD2 CODE

14 4.5 3.32 3.51 PPM 0.95 0.128 0.079

15 D.2 0.10 17.23 PPM 14.20 1.913 1.189 MPG KPL L/ 100KM
22 4.3 0.039 0.375 % 3212.44 432.750 268.899 23.4 9.95% 10.0
V7 0.0 0.0 13.58 PPM 7.41 0.998 0.620

14 4.1 3.10 4.39 PPM 1.19 0.160 0.099

SEE ACCEL 1 ON DRIVER TRACE.SEE COMMENTS FROM
USING CONSTANT FUEL PROPERTIES FROM PRE-1988 REGULATIONS.
DVYNO SITE:D208 TEST 87-0818

3327 0O



DYNO SITE: 0208 TEST # 87- 618 seses LIGHT DUTY OIESEL PARTICULATE TEST ssess PROCESSED: 11:23:37 NOV 26, 1986

MFR VEHICLE ID VERSION TEST TVPE TEST PROCEDURE
MERCEDES BENZ T1511412010685 0 EXPERIMENTAL (ECTD) 8AG BY BAG
==s==ss==2x PARTICULATE SAMPLING SYSTEM ======z==z==
CVS UNIT TUNNEL DIAMETER TUNNEL
—az¢c 18 INCHES 16ED

zzzzzzzzz= EXHAUST CONNECTION CONFIGURATION ==========
LENGTH SURFACE DIAMETER INSULATED NO. ELBOWS ANGLE

14 FEET SMOOTH 4 INCHES VES 1 90 DEGREES
sz=zz=zz=z= PARTICULATE FILTER DESCRIPTION =====z=x==== )
DIVISION LOGBOOK EPA BATCH NO. FILTER MFR FILTER TYPE FILTER SIZE MFR BATCH NO. BATCH EFFICIENCY
ECTD 1 17 PALLFLEX T60A20 4T MM T4978 98.0%
==z=====z=== PARTICULATE TEST INFORMATION ===z=z====z==
BARO. # PRI. SECONDARY BKGD PART. MAX. TUNNEL GAS METER TEMP. (F) GAS METER PRESS. (" H20)
DATE " HG TEST TYPE FILTERS FILTERS FILTER CARBON TEMP. (F) BAG) BAG1
11-25-86 29.22 BAG BY BAG, EQUAL SETS 1 YES NO 0% 105 84.0 2.1
LA BAG NO. 1 MILES= 7.423 TOTAL VMIX= 16564.9 CU.FT.
sz=zz=z=z=zz==22= PDRY GAS METER CU.FT, ===zz=zzz=zz=z==s=z=== ==z=z= PARTICULATE WE[GHT, GRAMS ===z===
............ PRIMARY . ............
TOTAL CORRECTED FLOW RATIO FLTR CORRECTED FILTER FUEL
HBEFORE AFTER FLOW TOTAL FLOW (VMIX/DRYGAS) NO. BEFORE AFTER TOTAL TOTAL wT. EFF. GM/M1  GM/KM ECON., MPG
474.432 491.598B 17.166 15.876 1043.42 79 0.0076217 0.008726 0.001105 1.153 91.2% 0.170 0.106 23.4
== FLOWRATES ,CF/MIN ==
TEST/REQUESTED ... ....... SECOUNDARY .. .......... W/SEC
0.750 80 0.006964 0.007071 0.000107 1.265
COMMENTS: 11-25-86 FUGERTY TRAP

DYNO SITE: D208 PARTICULATE TEST » 87- 818



DYNQ SITE:D208 TEST » 870817 | 1975 LIGHT DUTY VEHICLE ANALYSIS | PROCESSED: 14:02:29 NOV 26, 1986

a MFR . ALT. EQUIVALENT ACTUAL OVER-  /===--- ~~- TEST TYPE -~-=--=--~
MFR . VER- REP. RUN. RETEST H.P. TEST DYNO TRANS . DRIVE EXPE
200 11511412019885 0 N BAG BY BAG
CURB ORV AXLE AXLE /--- IGNITION TIMING ~-~/ (=== % CQ ~-=~--- / IOLE SOAK COASTDOWN TIME
PREP DATE WEIGHT WEIGHT GAUGE MEASURE &1 #2 RPM GEAR LEFT RIGHT COMB RPM GEAR PERIOD ACTUAL ADJUSTED
EMPTY ) 0.0
[ommmm AMBIENT TEST CONDITIONS ------ /
BARO WETY AMB TEMP % REL S.HUM NOX CvS
“HG BULB TEMP UNIT HUM GR/LB FACTOR ALDEHYDES RGE
29.22 60.6 73.8 F 46.3 59.00 0.9300 42C
f-=mmm - DYNAMOMETER TEST CONDITIONS -~------- /
DYNO ACTUAL DYNO TIRE ODOMETER SYSTEM
TEST DATE HR SITE IW SET TWHP PS1 tM1) MILES
11-25-86 13 D208 4000 10.9 45.00 55680.0 N/A
BAG 1 7.470 MILES 12.023 KM 17418. ROLL REVS." SECS. VMIX=16539.0 CU.FT. DILUTION FACTOR = 34.330
SITE #A203 EXHAUST SAMPLE BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX . AUX . AUX .
RANGE METER CONC. RANGE METER CONC . CONCENTRATIONS GMS . GMS/MI GMS /KM FIELDI FIELD2 CODE
HC-FID 14 8.8 6.50 14 4.5 3.32 3.28 PPM 0.88 0.118 0.074
NOX-CHEM 15 32.7 16.38 15 0.3 0.15 16.23 PPM 13.52 1.810 1.125 MPG KPL L/ 100KM
c02 22 41.3 0.388 22 5.0 0.045 0.34% % 2953.84 395.401 245.691 25.6 10.89 9.2
co 17 5.2 12.84 V7 0.0 0.0 12.84 PPM 7.00 0.937 0.582
HC~HF 1D 14 9.3 7.02 14 3.6 2.73 4.37 PPM 1.18 0.158 0.098

COMMEN1S: M/8 HOT LA-4 W/DUMMY TRAP PRECEEDING FOGERTY IKAP ~-NEw CONFIGURATION FOR TOTAL
HC LINE + FILTER AND PARTICULATES SYSTEM. HEATED FI1D REPAIRED. SECONDARY FILTER
WEIGHT <THAN PRE TEST VALUE. ADJUSTED TO -=PRE-TEST WEIGHT HUMIDITY FLAG BAC.RM

THE FUEL ECONOMY VALUE WAS CALCULATED USING CONSTANT FUEL PROPERTIES FROM PRE-1988 REGULATIONS.

34321 0 DYNO SITE: D208 TEST 87-0817



D208 TEST # 87- 817 s3442 LIGHY DUTY DIESEL PARTICULATE TEST s*#ss PROCESSED: 14:01:26 NOV 26, 1986

DYNO S1TE:
MFR VEHICLE ID !EI" lﬂ TEST TYPE TEST PROCEDURE
MERCEDES BENZ 11511412019885 EXPERIMENTAL (ECTD) BAG BY BAG
s==z==zz=zzz PARTICULATE SAMPLING SYSTEM ====z==z=====
CVS UNIT TUNNEL DIAMETER TUNNEL
azc 18 INCHES “VHED
=szzszzz== EXHAUST CONNECTION CONFIGURATION ====z======
LENGTH SURFACE DIAMETER INSULATED NO. ELBOWS ANGLE
V4 FEET SMOOTH 4 INCHES VES v 90 DEGREES
s===zz===== PARTICULATE FILTER DESCRIPTION =====z=====
ODIVISION LOGBOOK EPA BATCH NO. FILTER MFR FILTER TYPE FILTER SIZE MFR BATCH NO. BATCH EFFJCIENCY
ECTD 1 7 PALLFLEX T60A20 47MM T4978 98.0%
=z=zz==z=z==%= PARTICULATE TEST INFORMATION =====z=z=z===
BARO. # PRI. SECONDARY BKGD PART. MAX. TUNNEL GAS METER TEMP. (F) GAS METER PRESS. (" H2U)
DATE " HG TES] TVPE FILTERS FILTERS  FILTER CARBON _TEMP. (F) BAG) BAG 1
11-25-86 29.22 BAG BY BAG, EQUAL SETS 1 YES NO 0% 107 84.0 2.0
»>>5 0> 8AG NO. 1 MILES=  7.470 TOTAL VMIX= 16554.9 CU.FT.
sz==sz==zzz====3= DRY GAS METER CU.FT. ====s=s=c====z==z== zz===z2= PARTICULATE WEIGHT, GRAMS ======
............ PRIMARY .. ... ......
TOTAL CORRECTED FLOW RATIO FLTR CORRECTED FILTER FUEL
BEFORE AFTER FLOW_ TOTAL FLOW (VMIX/DRYGAS) NO, BEFORE_ AFTER TOTAL  TOTAL WT. _EFF.  GM/MI GM/KM ECON., MPG
804.701 921.951 17.250 15.949 1037.98 77 0.0085%%4 0.011636 0.003082 3.199 100.% 0.428 0.266 25.6
=z FLOWRATES CF/MIN ==
TEST/REQUESTED ... ... ..... SECONDARY ... ......... w/SEC
0.750 78 0.007834 0.006896 0.0 3.199
COMMENTS: 11-25-86 M/B DUMMY TRAP HOT LA-4

DYNO SITE: D208 PARTICULATE TESY # 87- 817



OYNQ SITE:0208 -TEST # 871u4Y | 1975 LIGHT OUTY VEHICLE ANALYSIS | PROCESSED: 15:37:13 DEC 10, 1986

d MFR . ALT . EQUIVALENT ACTUAL OVER- [ TEST TYPE --------
MER . VER- REP. RUN. REITES] (ST SN TEST DYNO TRANS ., ORJVE EXPE
200 1151141201988% 0 N BAG BY BAG
CURB DRV AXLE AXLE /=== 1TGN1TION TIMING ~--/ /------ % CO ------ / IDLE SOAK COASTDOWN TIME
PREP DATE WEIGHT WEIGHT GAUGE MEASURE s #2 RPM GEAR LEFT RIGHT ComB RPM  GEAR PERIOD ACTUAL ADJUSTED
EMPTY 0 0.0
i AMBIENT TEST CONDITIONS --=---~ /
BAR(O DEW AMB TEMP % REL S_HUM NOX Cvy
"ML PUINT TEMP UNIT HUM GR/LB FACIUR ALDLENYDES RGE
26.80 49.0 72.8 O 42.9 53.59 0.9086 42¢ ‘
Jemmmm—m- DYNAMOME TER YEST CONDITIONS ----- -/
DYNO  ACTUAL DYNO TIRE OUDOMETER SYSTEM
TEST DATE HR SITE Iw SET TwHP Psl (ML) MILES
12-09-86 14 D208 4000 10.9 45.00 5%985.0 N/A
BAG 1 7.442 MILES 11 . 976 KM 17351 . ROLI REVS. SECS . VMIX=16331.0 CU.FT, DILUTION FACTOR -  44.317
SITE w#A203 EXHAUSLT SaMb & BACKGROUND SAMPLE CORRECIED MASS EMISSTUNS AUX . ALK . AUX .
RANGE METER CUNG RANGE METER CONC . CONCENTRATIONS GMS | GMS/MI GMS /7 KM FIELDI FIELDZ CODE
(K1 R A ) K] .2 0. U0 V4 4.2 3.0 J.UH M 0.8 0.109 0.068
NOX-CHEM (B3 49,4 10. 6Y 5 0.1 0.u% lb.63 I’PM 13. 30 1.796 1.116 MG Kkt L/ TUUKM
Lo g 2.9 U.400 22 5.1 0.046 U.34%06 % RITIVE IR 4u4.463 2%1.322 29 .0 tu. 05 9.4
co . 17 H. 3 13,09 V7 0.0 0.0 13.09 PPM 7.uUb 0.947 u.588
HU HF 1D 14 Y. ¢ .94 V4 4.1 3.10 3.93 PEMm V.05 0.141 0.088

COMMENT S M/B DUMMY TRAP (O START LA-4

It Futt ECONUMY VAL UE WAS CALCULATED USING CONSTANT FUEL PROPERTIES FROM PRE- 1988 REGULATIONS.

3427 0 : DYNO SUIE:D2od TEST M7 1049



DYNO S11E: D2UB TES| & B7-104Y teses LIGH] DUTY DIESEL PARILCULATE TEST #eees PROCESSED:

09:14:39 veC 16, 1986

. MER —_VEHLLLE LD VERSITON - TEST TYPE TEST PROCELURE
MERCEDES BENZ 11511412019885 0 EXPERIMENTAL (ECTD) BAG BY BAG
sx==z===z2=z PARTICULATE SAMPLING SYSTEM ===zzz=z===
Cvo UNIT TUNNEL DIAMETER TUNNEL
a7¢ 18 INCHES 18ED
Somzoczsnez pAHAUST CONNECTION CONFIGURATEIUN 2-zwzzzzzs
LENGTH SURFACE DIAMETER INSULATED NO. ELBOWS L ANGLE
14 FEET SMOOTH 4 INCHES VES 1 0 DEGREES
szzsizizas PARTICULATE FIETER DESCRIPTION ~---:zi-zzz
DIVISION  LOGBOOK EPA BATCH N, FLLTER MFR_ FILTER VYPE FILTER SI1ZE MFR BATCH NO. BAT(H EFFICIENCY
ECTD 1 17 PALLFIEX T60A20 aTMM Ta3978 98 0%
ssszzzzzz2 PARTICULATE TEST INFUKMATION =zsz2z:. .c=
BAKU. # PRI. SECONDARY  BKGU PART. MAX. TUNNEL GAS METER TEMP. (F) GAS MEIER PRESS. (* H20)
LLBAleE o mG et v FLLTERS  FILTERS FILTER CARBON _TEMP. (F) BAG) BAGY
1227386 287H0 BAG BY BAG. Euuall SETS 1 VES NG 0% 113 83.0 3.0 -
sosos HBAG NO. 1 MILES=  /.442 TOTAL VMIX= 16346.8 CU.FT.
trzozzzazazana PRY GLAS METER (U . FY, =sz=zzsvzzezzzzs =zzzzz PARTICULATE WEIGHY | GRAMS ==z2z==z
............ PRIMARY ... ... ......
Tulrat CORKRECTED Fluw RATIO FLTR CORRECTED FILTER FUEL
_BEFORL - AFTER 0 FLOW  101AL FlLOw  (VMIX/DRYGAS) NO. - BEFORE — AFTER _  TOTAL ~ TOTAL WT.  EFF. ~ GM/MI  GM/KM  ECON. . MPG
855.330 9727625 17.295 157837 1037767 81 0.006917 G.010090 0.003179 3.283 98779 6 441 0. 27a 25.0
22 FLOWRATES  CF/MIN ==
TEST/REQUESTED ... ... ... SECONDARY .. ... ... ... W/SEC
0.750 B2 0.007740 0.007783 0.000043 3327

CUMMENTS: 12°9 8L M/8 DUMMY TRAP HOT LA-4 PRIOR TO FOGERIY TRAP TEST

ODYNY SETE: 0208 PARTICULATE 15T & d/7 1049



DYNO SITE:D2UB TEST # 871UbU | 1975 LIGHT DUTY VEHICLE ANALYS1S | PROCESSED: 12:05:06 DEC 10, 1986

a MFR . ALT. EQUIVALENT ACTUAL OVER- Jmm—————- TEST TYPE --~-----
MFR . VER- REP. RUN. RETEST H.P. TEST DYNO TRANS . DRIVE EXPE
200 11511412019885 4] N . BAG BY BAG
CURB DRV AXLE AXLE /=== IGNITION TIMING ~---/ [===-==-~ % CO ~--~-~- / IDLE SQAK CUOASTDOWN TIME
PREP DATE WEIGHT WEIGHT GAUGE MEASURE o1 ”2 RPM GEAR LEFT RIGHT COMmB RPM GEAR PERIOD ACTUAL ADJUSTED
EMPTY 0 0.0
Jrmmmmm——— AMBLIENT TEST CONDIVIONS ~------ /
BARO DEw AMB TEMP % REL S.HUM NOX Cvs
"HG  POINT TEMP UNIT HUM GR/LB FACTUR ALDEHYDES RGE
28.82 49.7 73.2 D 43.5 54,99 0.9140 42C
R DYNAMUMETER TEST CONDITIONS ------- -/
ODYNO  ACTuAL DYNO  TIRE ODOMEVER  SYSTEM
TEST DATE MR SITE  Iw SET TWHP PS1 (M1} MILES
12-09-86 15 Dzu8 4000 10.9 45.00 55995.0 N/A
BAG ) 7.443 MILES 117,978 KM 17354, ROL L REVS. SECS. VMIX=16397.0 CU.FT. DILUTION FACTOR = 29.973
SITE #A203 EXHAUST SAMPLE BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX ., AUX, AUX .
RANGE METER CONC.  RANGE METER CONC . CONCENTRATIONS GMS . GMS/MI GMS /KM FIELD) FIELD2 CODE
HC-FID 14 9.0 6.65 14 4.9 3.62 3.15 PPM 0.84 0.113 0.071
NOX-CHEM 15 36.4 1H.23 15 0. 0.05% 18. 18 PPM 14.76 1.943 1.232 MPG KPL L/ 1OOKM
o2 22 47 .0 .44% 22 5.0 0.04a5% 0.402 % 3410.87 458 .263 284 .751 22.1 9.40 10.6
Co V7 5.7 14,47 V7 0.0 0.0 14.07 PPM 7.6 1.022 0.635
HC-HEFLD 14 9.6 7.24 14 4.4 3.33 4.02 PPM 1.08 0.145 0.090

CUOMMENTS: M/B FUOGARTY TRAPR

Ttk FUEL ECONUMY VALUE WAS CALLULATED USING CONSTANT FUEL PROPERTIES FROM PRE-198H REGULATIONS.,

34827 0 DYNO S1I1E:D2UB TES] B/7-105U



DYNQ SITE: D208 TEST » 87-1050 tress | [GHT DUTY DIESEL PARTICULATE TEST #ssess PROCESSED: 12:04:27 DEC 10, 1986

MFR VEHICLE 1D VERSION TEST TVPE TEST PROCEDURE
MERCEDES BENZ 11511412019885 0 EXPERIMENTAL (ECTD) BAG BY BAG
s==z==z===3= PARTICULATE SAMPLING TEM s=====s===
CVS UNIT TUNNEL DIAMETER TUNNEL
42C 18 INCHES 18ED
====z=z=2==2z EXHAUST CONNECTION CONFIGURATION ==========z
LENGTH SURFACE DIAMETER INSULATED NO. ELBOWS ANGLE
14 FEET SMOOTH 4 INCHES YES 1 90 DEGREES
s====zz=z2z2= PARTICULATE FILTER DESCRIPTION ==z===z=z=z==z=
DIVISION LOGBOOK EPA BATCH NO. FILTER MFR FILTER T1YPE FILTER SIZE MFR BATCH NO. BATCH EFFICIENCY
ECTD 1 17 PALLFLEX T60A20 47TMM 74978 98.0%
m=zzzz=zx32= PARVICULATE TEST INFORMATION ====z=z=z=z=2=:z
BARU . # PRI. SECONDARY BKGD PARY. MAX. TUNNEL GAS METER TEMP. (F) GAS METER PRESS. (" H20)
DALE " HG TEST TvPE FILTERS FILTERS FLLTER CARBON TEMP. (F) BAGI BAG1
12 9-86 28.82 BAG BY BAG, EQUAL SETS 1 YES NO 0% 105 84.0 2.4
x> BAG NO. 1 MILES= 7 .443 TOTAL VMIX= 16413.4 CU.FT.
zzzzzz=zzz=z=z= PDRY GAS METER (CU.FT, ==z=z=zz=z=szz===c =z==z== PARTICULATE WE]GHT, GRAMS ======
............ PRIMARY ... .. ........
TOTAL CORRECTED FLOW RATIO FLTR CORRECTED FILVER FUEL
BEFORE  AFTER ~ _FLOW  TOTAL FLOW (VMIX/DRYGAS) _NO. BEFORE__AFTER TOTAL  1OTAL WT. _EFF.__ GM/MI GM/XM ECUN., MPG
512.667 530.627 17.960 16.396 1001.06 83 0.008038 0.009110 0.001072 1.073 91.2% 0.158 0.098 221
== FLOWRATES ,CF/MIN ==
TEST/REQUESTED  ........... SECONDARY .. .......... w/SEL
0.750 B84 U.UUBb4A1 0.ULB744 0.00L0I03 1.176

COMMENT S 12-9-80 M/B HOT LA-4 FOUERIY TRAP

OYNU S11E: D2UuB  PARTICULATE Tesl # o/-1ubu



DYNG STTE:DZu8 TEST & 871225 ] 1975  LIGHT DUTY VEHICLE ANALYSIS | PROCESSED: 15:04:44 JAN 6, 1987

a MFR. ALT. EQUIVALENT ACTUAL OVER -~ = TEST TYPE ~-------
MEK . VER~- REP. RUN. RETEST H.P. TEST DYNO TRANS . DRIVE EXPE
200 1151131201988% 0 N CVS 75-LATER
CUREB LRV AXLE AXLE Jo= LGN VLON TIMING ---/  f------ % CO —=mm-- / 1DLE S0OAK COUASYDOWN | IME
PREIY DAlE WEIGHI  WEIGHT GAUGE MEASURE #) #2 RPM  GEAR LEFT RIGHT COMB RPM  GEAR PERIOD ACTUAL ADJUSTED
12-1/7-86 EMPTY 26 0.0
/o= mme=- AMBIENT 1EST CONDITIONS -----~ /
BAR(O Dew AMB TEMP % REL S HUM NOX Cvs
"M POINT TEMP UNIT  HUM GR/LB FACTOR ALDEHYDLES RGE
JH.9% ad. 74,2 D 39.5 51.32 0.8999 42C
/ - - DYNAMOMETER TEST CONDITIONS ----- -/
DYNO  ACTUAL DYNO  TIRE ODOMETER SYSTEM
Tt DATE R SITE Iw Lt T Twiif PSSt (M1) MILES
12-18-86 14 D208 4000 1.9 4%.00 56253.0 N/A
BAG 1 3.9 MILES 9. /%8 nM Bi4d?Z2. RO1L REVS. SECS. VMIX- bUYe . U Cu KT, DILUTION FACTOR = 20,98%
SITE #A203 EXHAUST SAMEG BACKGROUND SAMPILE CORKECIED MASS EMISSTOND AUX . AUX . AUX .
RANGE  METER tunt . KANGE  METER CONC. CUNUCENTRAIIONS GMS | GMS /MIT GMS /KM FIELD F1ELDZ  COLE
e FLD 14 1.8V 8. 73 4 4.2 3.10 .77 PEM 0.57 U.161 0.100
NOUX={HEM [ES) hi.dy 25 .44 15 [V 0.05% 25 .49y PPM 7.06Y4 2,180 1.336 MG KL L/ V00KRM
(WY ol VIS Al U.bdd 22 4.7~ 0.4z v.oU8 % 191Y.67 H36.943 333.393 18.9 ¥.03 12.5
(.0 1/ .7 19 .9y 17 0.0 .~ 0.u 19Y.99 PrM 4. U2 1,123 1. oYy
(KT R TN V] 144 14,40 9. /9 14 3.3V 2.50 /.41 PPM u.74 u.206 0. 128
BAL 4 d0 ML LS L 2UY RM U4 ROLL REVS. SRS yMEX=1uda b Cu e BITULION FACTOR - 83 o)
St #ACUS tANAUST SAMPLL BACKGROUND SAMPL L CORKRECTED MASS EMISSTUNS AUX . ALK, AUIX .
KANGE  METER CONG . RANGE  METER CONU . CONULNIRATIONS GMS . GMS /M GMS /KM FTELD FIELDOZ  CODE
MG F LD 19 H.H v 6. 24 14 4.4 7 4.4 400 PEM 0.5% 0.141 6. uey
NOX (i1t M 14 42.2 & 16.13 15 T I T BT 1Y 16. 08 PPM 8.18 2.114 1.314 MPG KH1 1/ VOOKM
iy 2 a2 W U, 396 22 4.5 o .04y U.3%7 % 1931 .16 498 .964 310,042 20 .3 B 63 V1.0
Co 17 S.¢ 12.84 V7 0.0 0.0 V2.84 PPM 4.42 1.142 0.710
He ko 14 9. 6.79 14 3.2~ 2.42 4.44 PM 0.76 0.196 0.122
AL 3 3.5d0 MILES L. 772 KM BJ3p2. ROLL REVS. SECS. VMIX<s 6l1Ub.U CU.FT. DILUTION FACTOR = 21,290
SEVe #AZ2U3 EXVAUST SAMPLE BACKGROUND SAMEL B LORKECTED MASS EMISSIONS AUX . AU . AUX .
KRANGE METER CONC . RANGE METER CONC . CONCENTRATIONS GMS . GMS/MI GMS /KM FIELD) FIELDZ CODE
e FID 14 u.sv/ 6.54 14 a4 3.25 S PiEM u.3% 0.09/ 0.u6U
NOX - CHEM 15 8y, 7V 26,89 15 u.) - 0.05 oL Hd M 7.99 2.227 1.384 mMPu Kb, L/ 1O0ORM
02 J2 b4.9-/ 0. bd/ 22 4.4 - U.uds U.5H0 % 1ub4 .12 516.985 321.239 19.0 y.34 12,41
L0 V7 L. 4 15 .80 17 v.u 7 ulu 153U PPM 3.18 .887 U.551
ne vkl 14 .2 L. 1Y 14 J.:\/ L.47 J.4848 PPM u. 39 u.10U8 0.u6/
vELilED VAL Uty e e LD (W3] co2 NOX MPG KPL L/ VUOKM
GRAMS/MIEL E 0. 174a 1./ 912, R 13 FUEL ECONOMY 19.8 H.4 1.9
BEFORE ROUNUING AT 1.064 511.7 2.1%2 19.7843 8.4166 11.8811
GHRAMS 7 KM 0. 1oH 0. bua 314 . 1.4
BLi ORE ROUNDIING R NNy, 417.9 1,337
CARTICUL ATE GMS . /ML BAG V O.14d6, BAG-2 O.118, BAG 3 0,174, WEIGNHTED O.139

TOMMENT S MERGEDRES FouaRTY OUNT WOT 190 SEC BGI & BGY

ME FUEL ECONUOMY vAL UE WAS CALLCULATED USING CONSTANT FUEL PRUPERTLIES FRUOM PRE-1988 REGULATIONS,

L
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DYND SITVE: D20B TES) # 87-12295 *eser L 1GHT DUTY DIESEL PARTICULATE TES] seées PROCESSED: 15:03:48 JAN &, 1987
Lo MER VEHICLE 10 VERSI1ON TESV _TvPE TEST PROCEDURE
MERCEDES BENZ 1511412019885 0 EXPERIMENTAL (ECTD) CVS 75-LATER
. ===z==z==zzz= PARTICULATE SAMPLING SYSTEM ==zzz2z:=zsz=
LVS UNIT TUNNEL DIAMETER TUNNE L
—aic 18 INCHES T18ED
zz==zzzz2z2% EXHAUST CONNECTION CONFIGURATIUN =z=z=zzzzz=:z
LENG _SURFACE _ DIAMETER INSULATED NO. ELBUWS ANGLE
14 FEET SMOOTH 4 INCHES YES v 80 DEGREES
zzzzzzz2zzz PARVICULATE FILIER DESCRIPIIUN ==
UIVILIUN  LUGHBUUK LA BATCH NU. FILIER _MFR FILTER IYPE T R SIZE MEK BATCH NO. BAICH EFFICIENCY
ECTD 1 17 PALLFLEX T60A20 37MM T4978B 9.8%
==z2z2=2=z=== PARVICULATE TES) INFORMATIQUN ===zz==zc=z=z
BARU . # PRI. SECONDARY BRGLD  PART.  MAX. TUNNEL GAS METER TEMP., (F) GAS METER PRESS. (" HZO0)
JLLALE o ma o LESD lvbEe FILTERS _FILTERS  FILTER CARBUN _TEMP. (F) HBAGI BAG2 BAGS BAG) BAGLZ BAGY
12 188G 28.95 4 BAG FTP, 3 FIt TER 3 YES NO 0% 12 78.0 82.0 84.0 3.0 2.0 3.6
cera BAG NO. ) MILES- 3.578 TOTAL VMIX= 6102.3 CU.FT.
mememm 2o DRY GAS MEVER CU_FT, =zzzsiziozzz_z2:zx z:2zzz=z PARTICUIL ATE WEIGHT, GRAMS =zz==zz
e PRIMARY ... ..........
rorav CORRECTED FLOW RATIO FLTR CORRECTED FILTER FUEL
BErORE A itH FLUW TOTAL FLOW  {(VMIX/DRYGAS) _NO. BEFORE ArTER JO1AL J0TAL WT. EFF. ~ GM/MI uM/rM  EUUN., MPG
yB85.826 992.661 6.835 6.256 975.47 "BS 0.00830" 0.0068838 0.000637 0.524 100.0% 0.146 0.091 18.9
2= FLOWRATES ,CF/MIN ==
ALIJAL TESI/REQUESTED . .. .... ... SECONDARY ... ... ... .. w/SEC
0.74 0.750 B6 UL.vLHBULUY7 U.uLBuY? 0.0 0.524
BAL NU., 2 MILES-  3.870 TOTAL VMIX= 104510 Lu k1,
mesbiocmnazacs DRY GAS METER (U FT, ==zzzzzszz_tzz= ==s22- PARTICULATE WEIGHT, GRAMS ==z==z=
............ PRIMARY . ... .. .......
TOTAL CORKRLCTVTED FLOW RATIO FLIR CORRECTED FHILTER FUEL
BLEOKE  AVLLK ELUM LOTAL ELOW  (YMIX/ORYOAD) O, otroke o ablER . _TOIAL - TOTAL WI. EFE. GM/ML GM/GM CONL. MEG
971 K77 983.511 11,634 67 948 .63 TA7 6TOn79231  n 0nBans  §.000482 T0.a57 97.6% 0.118 0.073 20.3
-- rluwRAlﬁs_CF/MlN =z
ACIUAL  TEST/REQUESTED ... . .. SECONDARY ... . ... ... W/SEC
0.762 0.750 B8 0.0U%116 0.005128 0.0000VI12 0.469
BAG NU. MItEL-  U4.586 TOTAL VMIA- 6112.3 CU.FT,
--------- Tns-: DKY GAS MEITER (U Fl, #sszz=s-szz=s:auun: zzzzzz PARTICULATE WEIGHT, GRAMS =s=xusz
............ PRIMARY ... ..........
10TAL CORKRELTED FLOW RATIO FLTR CORRECIED FILTER FUEL
BEt UKRE Atlek FLuw  1O1AL FLUW  (VMIX/URYGAS)  NO. uginus AFIEE__ TOTAL TOTAL wl.  EFF. ggzgl UM/KM ECUN. . MP
992 . 661 4999.625 6.964 6.30n4 96965 89 .006227 .006865 0.000638 0.619 100.% 0.173 0.107 19.6
- FLUOWRATES , (F/MIN ==
ACIuAL  TEST/ZREQUESTED oo L SECONDARY ... o ... W/SEC
0.749 0.750 y0 0.00815%8 U.UUBISHE U.U 0.619
PARKTLCULALE WLIGHIED GRAMS/MILE= 0. 149 wElunl D GRAMS/KM= (1 UBG6 WELGHTED FuEL ECUNUMY - 9.4 MPG
LOMMENTS: M/B Flw FICTERS B6O1YU ADJUSTED TC EQUAI PRE TEST VALUE

DYNUO SITEk: D208 PARTICULAITE TEST # u/ 1229



DYNO SITE:D208 TEST # 871198 f 1976  LIGHT DUTY VEHICLE ANALYSIS | PROCESSED: 09:04:10 JAN 14, 1987

a MFR . ALT. EQUIVALENT ACTUAL OVER- [mmmm e TEST TYPE ---~----
MFR . VER- REP. RUN. RETEST H. P, TEST DYNO TRANS . DRIVE EXPE
200 11511412019885 0 N CVvS 75-LATER
CURB DRV AXLE AXLE /==~ IGNITION TIMING --=/ /-~---- % CO --=--=~ / 1DLE SOAK COASTDOWN TIME
PREP DATE WEIGHT WEIGHT GAUGE MEASURE £ Iy RPM GEAR IDLE HIGH SPEED RPM GEAR PERIOD ACTUAL ADJUSTED
01-12-87 EMPTY 22 0.0
[ AMBIENT TEST CONDITIONS =--~--- /
BARO DEwW AMB TEMP % REL S.HUM NOX Cvs
“HG POINT TEMP UNIT HUM  GR/LB FACTOR ALDEHYDES RGE
20.08 46.7 74.3 D 37.5 48.62 0.8897 a2¢
feo - DYNAMOMETER TEST CONDITIONS ~--=--=--- /
DYNO ACTUAL DYNO TIRE ODOMETER SYST1EM
TEST DATE HR SITE 1w SET TwHP . PSI (M1) MILES
01-13-87 13 D208 4000 +° 10.9745.00 56403.0 N/A
e
BAG 1| 3.613/MILES 5.815 KM H424. ROLL REVS. SECS. VMIX= 6105.0 CU.FT, DILUTION FACTOR = 21.641
SITE #A203 EXHAUST SAMPLE BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX. AUX. AUX.
RANGE METER CONC. RANGE METER CONC. CONCENTRATIONS GMS | GMS /M1 GMS /KM FLELD) FIELD2 CODE
HC-FID 14 12,0 68.87 14 4.4/ 3.2% 5.77 PPM 0.58 0.159 0.099
NOX-CHEM 15 50.0-° 25.04 15 0.3/ 0.15% 24 .89 PPM 7.32 2.027 1.259 MPG KPL L7 100KM
co2 22 63.8v 0.616 22 4.1/ 0.042 0.576 % 1820.40 503.845 313,075 20.1 8.55 11.7
co 17 8.0/ 19.74 17 0.0/ 0.0 19.74 PPM 3.97 1.100 0.684
HC-MF1D 14 19.0 14.27 14 4.3 3.25 11.16 PPM 1.1 0.308 0.191
BAG 2 3.917 MILES 6.304 KM 89133. ROLL REVS, SECS. VMIX=10426.0 CU.FT, DILUTION FACTOR = 34,305
SITE #A203 EXHAUST SAMPLE BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX . AUX . AUX.
RANGE METER CONC. RANGE METER CONC. CONCENTRATIONS GMS . GMS/MI GMS /KM FIELD) FIELD2 CODE
HC-F 1D 14 3.07 6.65 14 4.3 3.29 3.50 PPM G.60 0.152 0.094
NOX-~CHEM 15 32.2/  16.13 15 0.2~ 0.10 16.03 PPM 8.05 2.056 1.278 MPG KPL L/ 100KM
co2 22 41.37 0.388 22 4.87 0.043 0.346 % 1871.56 477.792 296.886 21.2 9.0 1.
co 17 5.3/ 13.09 17 0.0/ 0.0 13.09 PPM 4.50 1.148 0.714
HC-rF 1D 14 12.7 9.56 14 4.3 3.25 6.41 PPM 1.09 0.278 0.173
BAG 3 u.ssz/mees S.78) KM B375. ROLL REVS. SECS. VMIX= 6121.0 CU.FT. DILUTION FACTOR = 22,429
SITE #A203 EXHAUST SAMPLE BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX. AUX . AUX .
RANGE METER / CONC. RANGE METER CONC. CONCENTRATIONS GMS . GMS /M1 GMS /KM FIELD) FIELD2 CODE
HC-FID 14 9.2 6.80 14 4.8 - 3.55 3.41 PPM 0.34 0.095% 0.059
NOX-CHEM 15 s1.0/ 25.s4 15 0.3, 0.15 25.39 PPM 7.49 2.085 1.296 MPG KPL L/ 100KM
co2 22 6.8/ 0.5495% 22 4.8.° 0.043 0.554 % 1756.71 489.063 303.889 20,7 8.82 11.3
co 17 6.1/ 15.06 17 v.0/ 0.0 15.06 PPM 3.04 0.846 0.526
HC-HF LD 14 10.6 7.99 14 4.4 3.33 4.81 PPM Q.48 0.134 0.083
WEIGHTED VALUES HC-HF 1D co coz NOX MPG KPL L/ 100KM
GRAMS /MILE 0.24% 1.06 486 . 2.06 FUEL ECONUMY 20.8 8.9 11.3
BEFORE RUUNDING .245) 1.056 4dop.2 2.058 20.8331 8.8568 11.2907
GRAMS /KM 0.152 0.656 302, 1.28
BEFORE RUUNDING L1523 L6502 302.1 1.279

PARTICULATE GMS./MI. BAG-1 0.127, BAG-2 0.115, BAG-3 0.159, WEIGHTED 0.129

COMMENTS: M/B FTP FOGERTY TRAP WOT & 195 SECONDS BAG 182
DGM OUTLET NU LUNGER IN DumP

THE FUEL ECONOMY VALUE WAS CALCULATED USING CONSTANT FUEL PROUPERTIES FROM PRE-1988 REGULATIONS.

33e7 0 DYNO SI1TE:D208 IeEsT  87-1198



DYNO SITE: D208 TEST # B7-1198 #eses LIGHT DUTY DIESEL PARTICULATE TEST s#sss PROCESSED: 09:03:33 JAN 14, 1987
MFR VEHICLE 1D VERSION TEST TYPE TEST PROCEDURE
MERCEDES BENZ 11511412019885 0 EXPERIMENTAL (ECTD) CVvS 75-LATER
====z=zz2xz PARTICULATE SAMPLING SYSTEM ======z=z=zz=
CVS UNIT TUNNEL DIAMETER TUNNEL
Tazt 18 INCHES T18ED
z=zzzzz3== EXHAUST CONNECTION CONFIGURATION =z=z=z=zz==z
LENGTH _ SURFACE DIAMETER INSULATED NO. ELBOWS ANGLE
14 FEET SMOOTH 4 INCHES VES 1 90 DEGREES
ss=zzzzzzz PARTICULATE FILTER DESCRIPTION ==z2=z=z=z==z==
DIVISION LOGBOOK EPA BATCH NO. FILTER MFR FILTER TYPRE FILTER SI1ZE MFR BATCH NO. BATCH EFFICIENCY
ECTD 1 17 PALLFLEX T60A20 47MM T4978 9.8%
s==z===z=z= PARVICULATE TEST INFORMATION =s=z=zz=zz=z===
BARO. ¥ PRI. SECONDARY BKGD PART. MAX. TUNNEL GAS METER TEMP. (F) GAS METER PRESS. (" H20)
DAlE HG TEST TYPE FILTERS FILTERS FILTER CARBON _TEMP. (F) BAG) BAG2 BAG3 BAGY BAG2 BAG3
1-13-87 29.08 3 8AG FTP, 3 FILTER 3 YES NO 0% 1o 81.0 78.0 B3.0 3.1 2.3 3.1
223> BAG NO. ) MILES= 3.613 TOTAL VMIX= 6111.3 CU.FT.
m==zzazzxzzz=z=22 DRY GAS METER CU.FT. =====cz=zzs=zz==== z=zz=z2 PARTICULATE WEIGHT, GRAMS ==z==z===
............ PRIMARY . ............
TOTAL CORKRECTED FLOW RATIO FLTR CORRECTED FILTER FUEL
BEFORE AFTER FLOW TOTAL FLOW (VMIX/DRYGAS) NO. BEFORE AFTER TOTAL TOTAL WT. EFF . GM/MI GM/KM ECON., MPG
57.601 64.393 6.792 6.283 972.74 123 0.064595 0.065004 0.000409 0.398 86.7% 0.127 0.079 20.1
== FLOWRATES CF/MIN ==
ACTUAL TESI/REQUESTED  ........... SECONDARY . ........... w/SEC
0.746 0.750 124 0.065904 0.065967 0.V00V6L3 D.45
>>>0 2 BAG NO. 2 MILES= 3.94v7 TOTAL vMIX= 10436.7 Cu.FT.
=zz===z=zzzz=z32 DRY GAS METER (_‘U.F]‘_ SZzzzzzZzss=soS ==zzz==z PARTICULATE wthH]" GRAMS ====z===
............ PRIMARY .............
TOTAL CORRECITED FLOW RATITO FLTR CORRECTED FILTER FUEL
BEFORE AFTER FLOW TOTAL FLOW (VMIX/DRYGAS) NO . BEFORE _ AFTER TOTAL TOTAL WT. EFF . GM/M1 GM/KM ECON., MPG
60.900 72.033 11,133 10.676 977 .54 125 0.067193 0.067607 0.000414 0.405 89.8% 0.115 0.07 21.2
== FIOWRATESL  CF/MIN ==
ACIUAL  TEST/REQUESIED . .......... SECONDARY ............ w/SEC
0.739 0.75%0 126 0.068087 0.068134 0.000047 0.451
>>>>> BAG NO. J MILES:  3.592 TUTAL vMIX= 6127.3 CU.FT.
=s=s3sz=sz===223= DRY GAS METER (U FV. =-=z_sszszzx==.z22 z=zz== PARTICULATE WEIGHT, GRAMS ==zzz==
............ PRIMARY . ............
TOTAL CORREUCITED FLOW RATILO FLTR CORRECTED FILTER FUEL
BEFURE AFTER FLUW TOTAL FLOW  (VMIX/DRYGAS) NO. BEFORE AFTER __JOTAL  TOTAL WT. EFF. GM/MI  GM/KM ECON., MPG
64.393 71.196 6.803 6.269 977.32 127 0.066602 0.067112 0.000510 0.498 87.5% 0.159 0.099 20.7
== FLOWRATES, CF/MIN == i
ACTUAL  TEST/REQUESTED  ........... SECONDARY .. .......... w/SEC
0.745 0.750 128 0.067473 0.067546 0.000073 0.570
PARTICULATE WLIGHTED GRAML/MILE= U129 WEIGHTED GRAMS/KM= 0.080 WEIGHTED FUEL ECONUMY= Z20.8 MPL
COMMENTS: M/B  1-13-87-FOGERTY- DGM OUTLET NO LONGER IN AIR DUMP. FTP.
DYNO S1TE: D208 PARTECULATE TEST # B7-1198



DYNO SITE:D208 TEST # 871662

a MFR
MFR . VER- REP.
200 11511412019885 0 - N
CURB DRV AXLE
PREP DATE WEIGHT WEIGHT GAUGE M
EMPTY
[ AMBIENT TEST CONDITIONS ---
BARO DEw AMB TEMP % REL S.HUM
"HG  POINT TEMP UNIT HUM GR/LB FA
29.30 45.3 72.0 D 38.4 45.74 0.
[=======- DYNAMOMETER TEST CONDITIONS
DYNO ACTUAL DYNO TIR
TEST DATE HR SITE Iw SET TwHP PS
02-06-87 08 D208 4000 10.9 45.0
BAG 1 7.492 MILES 12,057 KM 17468. R
SITE #A203 EXHAUST SAMPLE
RANGE METER CONC. R
HC-FI1D 14 8.3 6.13
NOX-CHEM 15 38.3 19.18
co2 22 46 .8 0.440
co 17 5.6 13.96
HC-HFID 14 9.2 6.94
COMMENTS: M/B  HOT LA4 FOGARTY TRAP

THE FUEL ECONOMY VALUE WAS CALCULATED

| 1975 LIGHT DUTY VEHICLE ANALYSIS | PROCESS

. ALT. EQUIVALENT ACTUAL 0
RUN. RETEST H.P. TEST DYNO TRANS . DR
AXLE /=== IGNITION TIMING ==~/ /===-==-= % CO -----~ /o
EASURE  #1 #2 RPM  GEAR IDLE HIGH SPEED
—
NOX cvs
CTOR ALUEHYDES RGE
8791 az2c

““““““ /
E ODOMETER SYSTEM

1 (MDD MILES
0 57446.0 N/A
OLL REVS. - SECS. VMIX=16666.0 CU.FT.
BACKGROUND SAMPLE CORRECTED MASS EMISSIONS
ANGE METER CONC. CONCENTRATIONS GMS . GMS /MT

14 4.4 3.25 2.99 PPM 0.81 0.109

15 0.6 0.30 18.89 PPM 14.99 2.001

22 a.s 0.039 0.402 % 3472.16 463.453

17 0.0 0.0 13.96 PPM 7.67 1.024

14 3.5 2.65 4.38 PPM 1.19 0.159

USING CONSTANT FUEL PROPERTIES FROM PRE-1988 REGULATIONS.

ED: 15:06:58 FEB 6, 1987
VER- /mmmmmm TEST TYPE -------~
IVE EXPE
BAG B8Y BAG
DLE SOAK COASTOOWN TIME
RPM GEAR PERIOD ACTUAL ADJUSTED
0 0.0
DILUTION FACTOR = 30.312
AUX AUX ., AUX .

GMS / kM FIELD FLELD2 CODE

0.068

1.243 MPG KPL L/ 100KM
287.977 21.9 9.30 10.8

0.636

0.099
DYNO SITE:D208 TEST 87-1662



DYNO SITE: D208 TEST # 87-1662 *++4& LIGHT DUTY DIESEL PARTICULATE TEST **%*s PROCESSED: 15:06:06 FEB 6, 1987

MER VEHICLE 1D . VERSION TEST TYPE TEST PROCEDURE
MERCEDES BENZ 11511412019885 0 EXPERIMENTAL (ECTD) BAG BY BAG
=======z=== PARTICULATE SAMPLING SYSTEM ======z=z====
CVS UNIT TUNNEL OIAMETER TUNNEL
42C 18 INCHES 18ED
=====z3==== EXHAUST CONNECTION CONFIGURATION ===z=====z==
LENGTH SURFACE DIAMETER INSULATED NO. ELBOWS ANGLE
14 FEET SMOOTH 4 INCHES YES 1 90 DEGREES
========== PARTICULATE FILTER DESCRIPTION ==========
DIVISION LOGBOOK EPA BATCH NO. FILTER MFR FILTER 1YPE FILTER SIZE MFR BATCH NO. BATCH EFFICIENCY
ECTD | 17 PALLFLEX T60A20 47MM T4978 98.0%
=z=z=zz==z== PARTICULATE TEST INFORMATION =:k===z=z=z=z=z=
BARO. # PRI. SECONDARY BKGD PART. MAX. TUNNEL GAS METER TEMP. (F) GAS METER PRESS. (" H20)
DATE " HG TEST TYPE FILTERS FILTERS FILTER CARBON TEMP. (F) BAG) BAG1
2- 6-8B7 29.30 BAG BY BAG, EQUAL SETS 1 YES NO 0% 103 83.0 3.0
>2>>> BAG NO. MILES= 7.492 TOTAL vMIX= 16682.4 CU.FT.
-—z=zz=zzz==zz==22 DRY GAS METER CU.FT., ====s=z=zzz=z2=z=== z==z==z== PARTICULATE WEIGHT. GRAMS ======x
............ PRIMARY .. ...........
TOTAL CORRECTED FLOW RATIO FLTR CORRECTED FILTER FUEL
BEFORE AFTER FLOW TOTAL FLOW (VMIX/DRYGAS) NO. BEFORE AFTER TOTAL JOTAL WT, EFF . GM/M1  GM/KM ECON., MPG
164.749 182.406 17.657 16.390 1017.82 135 0.067155 0.067875 0.000720 0.733 94.0% 0.104 0.065 21.8
== FLOWRATES,CF/MIN ==
TEST/REQUESTED . .......... SECONDARY . ........... W/SEC
0.750 136 0.067839 0.067885 0.000046 0.780

COMMENTS: M/8 FOGERTY 2-6-87 HOT LA-4

DYNO SITE: D208 PARTICULATE TEST # 87-1662



DYNO SITE:D208 TEST # B71927 | 1975  LIGHT DUTY VEHICLE ANALYSIS | PROCESSED: 14:06:09 FEB 12, 1987

s

a MFR . ALT, EQUIVALENT ACTUAL OVER-  /-=~-===m-- TEST TYPE --~-----
MFR . VER- REP. RUN, RETEST H.P. TEST DYNO TRANS.  DRIVE  EXPE
200 11511412019885 0 N BAG BY BAG
CURB DRV AXLE AXLE /--= IGNITION FIMING ---/ /------ % CO ---~-- /  1DLE SOAK  COASTDOWN TIME
PREP DATE WEIGHT WEIGHT GAUGE MEASURE  #1 22 RPM  GEAR IDLE HIGH SPEED RPM GEAR PERIOD ACTUAL ADJUSTED
02-12-87 EMPTY - 0 0.0
Jommmmmem AMBIENT TEST CONDITIONS ------ /
BARO DEW AMB TEMP % REL S.HUM  NOX cvs
“HG  POINT TEMP UNIT HUM  GR/LB FACTOR ALDEHVYDES RGE
26,90 45.5 74.2 D 35.9 46.73 0.8827 az¢
fommmem- DYNAMOMETER TEST CONDITIONS -=-----~- /
DYNO ACTUAL  DYNO TIRE ODOMETER SYSTEM
TEST DATE HR SITE iw SET  Twnp  PSI (M1) MILES
02-12-87 10 D208 4000 10.9 45.00 57639.0 N/A
BAG | 7.627 MILES 12.274 KM 17782. ROLL REVS. . SECS. VMIX=16377.0 CU.FT.  DILUTION FACTOR = 31.u027
SIIE sA20Y EXHAUST SAMBLE BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX . AUX.  AUX.
RANGE METER CUNC. RANGE METER CONC. CONCENTRATIONS GMS . GMS/MI GMS/KM  FLELD)  FILELDZ COUE
HC-F LU 14 8.5 6.28 14 4.7 3.47 2.92 PPM 0.78 0.102 0.064
NOX - CHEM 15 371 18.58 15 0.4 0.40 18.19 PPM 14.24 1.868 1.161 MPG KPL L/ 100KM
Co2 27 45.8 u.430 22 4.4 0.042 0.389 % 3304.64 433.304 269,242 23.4 y.494 101
co 17 5.2 12.96 17 0.0 0.0 12.96 PPM 7.00 0.918 0.570
HE-HE TD 14 9.0 6.79 14 3.4 2.57 4.30 PPM V.15 0.151 0.094

COMMENTS: M/8 FOGERTY HOT START (A-4 ZERO DRIFT ON DRIVERS TRACE 1025 SEC
LAST TEST WITH ROUND TRAP CANISTER

THE FUEL ECONOMY VALUE WAS CALCULATED USING CONSTANT FUEL PROPERTIES FROM PRE-1988 REGULATIONS.

3327 O DYNO SITE:D208 LEST B7-1927



DYNO SITE: D208 TEST # 87-1927 ses+s LIGHT DUTY DIESEL PARTICULATE TEST es¢ss PROCESSED: 14:05:28 FEB 12, 1987

MFR VEHICLE 10O VERSION TEST TYPE TEST PROCEDURE
MERCEDES BENZ 11511412019885 0 EXPERIMENTAL (ECTD) BAG BY BAG
s=s=z=zsz== PARTICULATE SAMPLING SYSTEM ==s==zz==zz=
CVS UNIT TUNNEL DIAMETER TUNNEL
—az2c 18 INCHES “T1BED
s==z===3==z EXHAUST CONNECTION CONFIGURATION ==z==zsz=z=z==z==
LENGTH SURFACE DIAMETER INSULATED NO. ELBOWS ANGLE
14 FEET SMOOTH 4 INCHES YES 1 90 DEGREES
s===z=z==== PARTICULATE FILTER DESCRIPTION ======z=z===
DIVISION LOGBOOK EPA BATCH NO. FILTER MFR FILIER TYPE FILTER S1ZE MFR BATCH NO. BATLH EFFICIENCY
ECTD 1 7 PALLFLEX T60A20 q7MM T4978 98.0%
===z===z===== PARTICULATE TEST INFORMATION ========3==
BARO ., # PRI. SECONDARY BKGD PART. MAX. TUNNEL GAS METER TEMP. (F) GAS METER PRESS. (" H20)
DATE * HG TEST TvPE FILTERS FILTERS. FILTER CARBON _TEMP. (F) BAG!H BAG1
2-12-87 28.90 BAG BY BAG, EQUAL SETS 1 * YES NO 0% 100 82.0 3.1
s BAG NO. 1 MILES=  7.627 TOTAL VMIX= 16393.7 CU.FT.
zzzzz=z=z=z==z2== DRY GAS METER CU.FT. ==z===z=zzz===zz=z ====== PARTICULATE WEIGHT, GRAMS ======
............ PRIMARY ... .. .......
TOTAL CORRECTED FLOW RATIO FLTR CORRECTED FILTER FUEL
BEFORE AFTER FLOwW FOTAL F1LOw (VMIX/DRYGAS) NO . BEFORE _AFTER TOTAE_ TOTAL WT. EFF. GM/ M1 GM/ KM ECON.I MPG
216.932 235.372 18.440 16.693 982 .06 137 0.067254 0.067877 0.000623 0.612 93. 1% 0.086 0.054 23.4
== FLOWRATES  CH/MIN ==
TEST/REQUESTED ... ........ SECONDARY .. ... ....... wW/SEC
0.750 138 U.Ub7762 U.LLBIBLB 0.000046 0.657

COMMENTS: 2-12-87 FOGERTY TRAP M/8 HOT LA-4

DYNO SITE: D208 PARTICULATE TEST # d7-1927



OYNG SITE:D2OG TEST # 6872240 | 1975  LIGHT DUTY VEHICLE ANALYSIS | PROCESSED: 12:15:00 MAR &, 1987

a MFR . ALT . EQUIVALENT ACTUAL OVER- /mmmmmm - TEST TYPE -=--=----
MFR . VER - REP. RUN. RETEST H.P. TEST DYNO TRANS . DRIVE EXPE
200 1151141201988 0 N BAG BY BAG
CURB DRV AXLE AXLE /=== 1GNITION TIMING ---/ [---=--- % CO ------ / 10LE SOAK COASTDOWN TIME
PREF DATE WEIGHT WEIGHT GAUGE MEASURE #1 #2 RPM GEAR IDLE HIGH SPEED RPM GEAR PERIOD ACTUAL ADJUSTED
EMPTY 0 0.0
/----=~=-- AMBIENT TEST CONDITIONS ------ /
BARO DEwW AMB TEMP % REL S._HUM NOX Ccvs
"HG  POINT TEMP UNIT  HUM GR/LB FACTUR ALDEHYDES RGE
29.44 4.9 74.3 D 37.7 48.39Y 0.84808 42C .
/=-~----- DYNAMOMETER TEST CONODITIONS --=~--~--- /
LYNO ACTuLAL DYNDU TIRE ODOMETER SYSTEM
TEST DATE HR SITE Iw SET TwrP PS1 (m1) MILLES
uU3-us5-87 12 D2UB 4000 0.9 45.0v 5857772.0 N/A
BAG | 7.3807 MILES 11,879 KM 17210, ROLL REVS. 1374.0 SECS. vMIX=16712.0 CU.FT, OLLUTION FACTOR = 145,402
SITeE #AZUY EXHAUST SAMPLE BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX ., AUX. AUX .
RANGE METER CONC. RANGE METER CONC. CONCENTRATIONS GMS . GMS/m1 GMS / KM FIELD FIELDZ CODE
He-F1Lo t4 . 7.47 14 U. a.07 7.39 PPM 2.02 0.273 0.170
NOX -CHEM 15 [V} 5.06 15 0.1 0.0S 5.01 PPM 4.03 0.546 0.339 MPG KL L/10UKM
L2 22 0. 0.089 22 0. 0.001 0.088 % 762.35 103. 281 64.176 95.0 40.41 2.5
(4] V7 0. 25.10 17 0.1 0.2% 24 .85 PPM 13.69 1.85% 1.153
COMMENTS: M/8 HOT START DUMMY TRAP PARTICULATES ONLY 1374 SEC CVYCLE

THE FUEL ECONOMY VALUE WAS CALCULATED USING CONSTANT FUEL PROPERTIES FROM PRE-1988 REGULATIONS.

3327 0 DYNO SITE:D2UB TEST  87-2230



DYNO SITE: D208 TEST # 87-2230 s+s%% | IGHT DUTY DIESEL PARTICULATE TEST #ssxs PROCESSED: 14:49:23 MAR 9, 1987
MFR VEHICLE 10 VERSL1ON TEST TvPE TEST PROCEDURE
MERCEDES BENZ 11511412019885 0 EXPERIMENTAL‘(ECTD) BAG BY BAG
s=s=z==z===== PARTICULATE SAMPLING SYSTEM =s========
CVS UNIT TUNNEL DOIAMETER TUNNEL
42C 18 INCHES 18ED
=z==zz===== EXHAUST CONNECTION CONFJGURATION =======z==
LENGTH SURFACE DIAMETER INSULATED NO. ELBOWS ANGLE
14 FEET SMOOTH 4 [INCHES YES 90 DEGREES
zz=z=zzz=xz PARTICULATE FILTER DESCRIPTION ==========
DIVISION LOGBOOKR EPA BATCH NO. FILTER MFR FILTER TYPE FILTER SiZE MFR BATCH NO. BATCH EFFICIENCY
ECTO 1 \7 PALLFLEX T60A20 47MM T4978 98.0%
sz===zz=== PARTICULATE TEST INFORMATIQON ======z=====
BARO. # PRI. SECONDARY BKGD PART. MAX. TUNNEL GAS METER TEMP. (F) GAS METER PRESS. (" H20)
DATE o HG TEST TvpPE FILTERS FILTERS FILTER CARBON TEMP. (F) BAGI BAG)
3- 5-87 29.44 BAG 8BY BAG, EQUAL SETS 1 YES NO 0% 102 82.2 3.0
>>>>> BAG NO. | MILES= 7.381 TOTAL VMIX= 16727.4 CU.FT,
zzzzzzz=zz=zz==zz2 PDRY GAS METER CU.FT, ====z==zz==z=zz==z= ===z== PARTICULATE WEIGHT, GRAMS ===z===
............ PRIMARY .. ...........
TOTAL CORRECTED FLOW RATIO FLTR CORRECTED FILTER FUEL
BEFORE AFTER FLOwW TOTAL FLOW (VMIX/DRYGAS) NO. BEFORE AFTER TOTAL TOTAL WT. EFF. GM/MI  GM/KM ECON., MPG
269.696 286.442 16.746 15.431 1084.0) 14y 0.067017 0.070294 ©0.003277 3.552 99. 1% 0.48} 0.299 95.0
== FLOWRATES ,CF/MIN ==
ACTUAL TEST/REQUESTED .. ......... SECONDARY .. .......... W/SEC
0.674 0.750 142 0.066242 0.066272 (0.000030 3.585
COMMENTS: M/B DUMMY TRAP 3-5-87 t#/S LA-4
DYNO SITE:; D208 PARTICULATE TEST # 87-2230



