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II.

III.

INTRODUCTION

There is a growing use of electronic process measuring instrumentation for
supporting the operations of ASTM engine-dynamameter type lubricant tests,
particularly those using automated data acauisition systems. This Task
Force was fommed to develop instrumentation guidelines that will provide
uniformity in process measurements throughout this testing industry.

This Task Force was formed in January of 1986. (See Appendix A for
membership list.) Meetings were held to discuss instrumentation used by
this industry and to develop guidelines for their selection and use. This
report is the summary of the findings of this group for implementation in
new and existing test procedures.

SCOPE & OBJECTIVES

The objective of the Task Force was set to provide performance definiticns
for instrumentation in STP's 315H and 509A. This involves recamending
replacement terminology based on such items as accuracy and frecuency
response rather than based on brand names or generic types. In orcer to
more clearly define the objective, the following three goals were
established.

A. Issue guidelines for instrumentaticn system specifications with
performmance definitions for accuracy and frequency response.

B. Issue calibration guidelines and procedures including record keepinc.
C. 1Issue guidelines for showing equivalency.

RBECOMMENDAT IONS

A. PERFORMANCE SPECIFICATICNS

The Task Force agreed that independent of the hardware used, any
instrumentation used for enhanced or autamated systems must translate
data into values of comparable accuracy and frequency response to those
obtained with the accepted manual systems. The Task Force's efforts
are aimed at defining instrumentation limits for specified operating
conditions. The desire would be for the Operations and Hardware (C&H)
_subpanels to incorporate comparable limits on "record only" values.

1. ACCURACY

The desired accuracy of the measurement is important, but only as
important as that parameter is to the test procedure. Based on
current instrumentation technology and test procedures, the Task
Force recammends the accuracy to be 20% of the test spec1f1catlon
deviation, e .g., for 100°F + 5°F, the accuracy is 20% of + 5°F
which is + 1°F. This limits the worst case actual deviation fram
test specification to 208 of the allowable deviation above the
high or below the low limits. However, there are technical
limitations for these values, e.g.:

Temperature: + 0.5°F
Pressure, low: + 0.05" HO
high: + 0.1" Hg.
Speed: #+ 1 count per gating period

-1 -



I1I.

RECOMMENDATIONS

A.

B.

PERFORMANCE SPECIFICATIONS {(Cont'd)
2. FREQUENCY RESPONSE

The desired frequency response of the measured parameters must be
established. There are examples of extreme frequency variations in
the parameter value, however, only the average value 1is of
interest. It is recommended that this known high frequency
variation be attenuated to 20% of allowable test procedure
deviation or its nomal minimum as outlined in Perfomance
Specification Accuracy section.

Example: Caterpillar Crankcase Vacuum 1 + 0.5" Hzo (3pp. D7)

The crankcase vacuum variation, following the movement of the
piston at 1800 RPM, has a frequency of 30 Hz. These pressure
variations have been measured to be 30" H,0 peak to peak (15" H2O
baseline to peak). Based on the above guzdeline, it is desired
to reduce that variation to 0.1" H,0 (20% of 0.5" H.0). This
requires -43.5 dB (20 log 0.1/15.09 of filtering, of a first
order filter with a cutoff frequency of 0.2 Hz

_ dB/20 _ ,.x1.~-43.5/20
(fc = fnoise 10 = 30*10 )
for a green fluid manameter is 0.64 Hz, hence, the reason for a
variating manometer column. For this parameter, it would be
desirable to have more filtering than is inherent in a water
mancmeter.

. The frequency response

In order to design a reliable instrument measuring system, it is
necessary to urderstard the frequency response capabilities and
limitations of the instrument devices that are commonly used.
Electronic instruments with high frequency responses shall be
allowed to be filtered (mechanically, electrically or digitally) to
give equivalent readirgs to the historically more cammonly used
manual types of instrument systems with lower freguency responses.
See Appendix B for definitions and Appendix C for a list of
instrument devices' response characteristics.

CALIBRATION GUIDELINES

General quidelines were developed that will apply to all
instrumentation systems. The Task Force considers the transmitter
(mancmeter, transducer, etc.), the elanent (thermocouple, flowmeter,
etc.) and the location of the element as parts of the systenm.

1. The Laboratory calibration standards will be traceable to a defined
national standard, e.g., National Bureau of Standards, and be
verified at least annually.

2. The time limit for verifying that laboratory equipment meets the
laboratory standard is to be as defined in the test procedure. If
no time interval is specified in the procedure, then it will be

defined by the Operations and Hardware Groups.

3. Test measurement systems shall be calibrated at a frequency as
prescribed by the individual test procedures. It is the Task
Force's recammendation that all systems be calibrated a minimum of
once every six months, or at any time the readout data indicates
the need.

-2 -



III.

RECOMMENDATIONS

B.

D.

CALIBRATION GUIDELINES (Cont'd)

4. When calibrating a system, it is desirable to check the entire
system as a camplete unit, but if necessary, a summation of the
individual system camponents calibration would be considered
acceptable.

5. All measurement systems shall be checked at a minimum of three
points along their operating range where feasible.

6. All calibrations shall be fully documented with camplete indication
of calibration prior to any adjustments, and what adjustments were
made to achieve final calibration. This calibration documentation
shall be retained by the laboratory as a permanent record for a
minimum of 2 years.

7. Special instrumentation (such as an exhaust gas analyzer) which
require zeroing and spanning as a part of the instrument set-up
procedures do not have to camply with the above guidelines, but
rather the manufacturer's recammendations are to be the guidelines
or as prescribed by the test procedure.

EQUIVALENCY GUIDELINES

The Task Force realizes that equivalency of measurement systems is
extremely important, especially when it cames to maintaining test
severity while changing fram gages to pressure transducers or fram
thermocouples to resistance thermal devices (RIDs). The following
guidelines are to be used for establishing equivalency of camplete
systems or any part thereof.

l. The Test Monitoring Center (TMC) 1is the focal point for
presentation of proposed instrumentation technology.

2. The T™™C shall approve any proposed instrumentation system after
being satisfied that such a system meets all calibration and
performance quidelines, which may include concurrent operation with
an accepted system.

3. The TMC should decide whether the proposed instrumentation needs
more documentation via the following sources:

a. Operation & Hardware Subpanel
b. Test Developer
c. Test Surveillance Panel

4. All documentation obtained during such an equivalency study shall
be retained as part of the laboratory's permanent records.

OTHER RECOMMENDATIONS

1. The Task Force recawnends that each O & H subpanel establish an ad
hoc committee to review instrumentation practices for new and
existing procedures.



I11.

RECOMMEINDATIONS

D.

OTHER RECOMMENDATIONS (Cont'd)

2.

3.

Pertinent examples are:
a. Pressure measurement specifications should include:

Port size
Port location

Drawings should be provided with exact dimensions.

b. Temperature measurement specifications should include:

Element size
Element location
Element immersion depth

Drawings should be provided with exact dimensions.

c. Flow measurements should be specified in mass units for
critical flow applications.

In general, it is desirable that allowable parameter deviations be
established such that they not exceed the accuracies of measuring
devices. However, for a critical measurement which requires an
accuracy better than the measuring device, procedures shall be
provided detailing the specific techniques to be used to achieve
the desired accuracies.

Because of the time responses required for certain measurements as
discussed in this report, the Instrumentation Task Force has
redefined the term DATA POINT fram the original definition by the
Data Acquisition Task Force.

DATA POINT: The value of a parameter after appropriate
digital/analog filtering with due consideration tor
the time constants of the system. (Many greater than
one second).
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APPENDIX B

DEFINITIONS

In order to establish cammon terminology for discussion of the various aspects

in process measurament

established.
PRECISION:

ACCURACY:

ORDER:

FILTER:

DECIBEL (dB):

TIME CONSTANT (7):

CUIOFF FREQUENCY (fc):

instrumentation, the following definitions were

The degree of mutual agreement between individual
measurements fram the process (App. E-1).

The degree of agreement of an individual
measurement with an accepted reference level of
the property in the material measured (2pp. E-1).

The number of energy storage devices in the
system. (Most process systems can be reduced to
first order, i.e. one dominant energy storage
device.)

A means of attenuating signals in a given
frequency rarge. They can be mechanical (volume

tank, spring, mass) and/or electrical
(capacitance, imductance) and/or digital
(mathematical formulas). Typically, a low-pass

filter attenuates the unwanted high frequency
noise.

A unit for measuring the ratio of the magnitude of
two quantities (nomally ouput voltage to input
voltage) . Calculated as follows:

dB = 20*1log(Output/Input)

A value which represents a measure of the time
response of a system. For a first order system
responding to a step change in input, it is the
time required for the output to reach 63.2% of its
final value.

The frequency point that divides the frequencies
that pass through the system almost unattenuated
and the frequencies that pass through the system
but are greatly attenuated. "For a first order
system, this value is calculated as follows:

£, = 1/(22%)

Where '~ is the time constant



APPENDIX B (Cont'd)

DEFINITIONS
SAMPLE FREQUENCY (fs): The frequency at which a value is obtained for
processing. This is nomally considered for

computer data acquisition, but is also true of a
manual reading, i.e. once per hour.

INPUT FREQUENCY (fin): The frequency of the input signal. This is most
certainly changing and includes real but unwanted
noise. (Normally the noise is a higher frequency
than the frequency of the expected signal.)

ALIASING: Sampling-induced low frequency ncise. This occurs
: when the sanpling frequency is very close to the
input frequency thus creating a beat frequency.

DATA POINT: The value of a parameter after appropriate
digital/analog filtering with due consideration
for the time constants of the system (many greater
than one secord).

The following symbols are used in the remaining definitions:

i3 : Indices for data parameter or point values

our ( ) : Filtered data point

IN ( ) : Unfiltered parameter value

EXP ( ) : Value of e raised to a power

SM ( ) : A sumation of values
FIRST ORDER The digital equivalent to a first order analcg
DIGITAL FILTER: filter (electrical or mechanical). The formula is

as follows:
OUT(i) = E)@(-l/(fs-z-))*our(i-l) + [1-.=:x1=(-1/(fs-:-))]*m(i)

ROLLING AVERAGE A digital filter that continually calculates the
DIGITAL FILTER: average of the most recent values over the rolling
time pericd, Tra The formula is as follows:

ouT(i) = s [IN(J) ,j= if Toa*l to i1/£ T,

BLOCK AVERAGE A digital filter that calculates the average of

DIGITAL FILTER the values over the block time pericd, and
maintains that result until the next block of
values has been collected and calculated. The
formula is as follows:

OuT(i) thru OUr(1+TBAfs-1) = SM [IN(j]),i= i—fsTBA+1 to i]/fsTBA



APPENDIX C

INSTRUMENT LEVICES' RESPONSE CHARACTERISTICS

Mananeters (App. D2):

Green Fluid, SG =1 £
c

Mercury fc

100% Glycol fc
Bourden Tube (App. D6): fC
Strain Gage (App. D6): fc
Thermocouples (App E-2):

For grounded devices in air

18" fc

3/16" fc

1/4" fc

Resistance Thermal Device (RTD) (App E-3):

For 1000.. device in water

1/8" fc
3/16" 4
1/4 c

Themooouples (2App. D3):
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1/4" fc
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For 1000.. closed ungrounded device in oil (32°F to 300°F)

3/16" fc = ( 011 Hz

Z=14.28



APPENDIX C (Cont'd)

INSTRUMENT DEVICES' RESPONSE CHARACTERISTICS

0.035 Hz T =

Liquid Fotameter, IIID Test (App D6) £

Liquid Mass Flow by Weight f 0.0016 Hz T

c BA

Gas Volume Flow by Natural Gas Meter fc = 0.0005 Hz TBA

Speed by Gated Gounter £

c 0.16 Hz Taa

4.54 s

100 s

300 s
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APPENDIX D1

*Suggeetad Static and Dynamic Liaits for Rejecting Bad Quality Daca®

SPOOENCY IID TEST

PARAMETIR
Average epeed
Srake load

B3.8.7.

041 at filtar block
011 pan tamparature

01l pump outlet press
04]1, engina pressure
Coolant, jacket out

Coolant, jacket {n

Coolant, jacket flow

Coolant, Breatber out
Coolant, 1.‘1: cover out
Coolant, rt cover out
Coolant, cToesover out

Coolant, cover-brmather flow
Coolant, Iover flow
Coolant, jacket out

Coolant, Jacket in

Coolant, Zover out

STATIC LTS RATE OF QaNGZ
MKININUM  MAXIMUM LINITS
o] 0 4000 ops 88 RPW/sec
Down 165 RPM/sec
>-ft Sot 0 200
Cold O 100
] 180
Deg ? sot 32 400 op: 20 Deg P/min
tnld 150 Down: 60 Deg P/ain
Deg ? Rot 32 400 Op: 20 Deg P/min
Cold 150 Down: 60 Deg P/amin
psi . Hot ] 120 30 pei/eec
psi Sot "] 120 30 pai/sec
Deg ? Bot 32 300 Op: 12 Deq P/ain
Cold 32 150 Down 280 Deg P min
Deg ? Bot 32 300 Op: 12 Degq P/min
teld 32 180 Down: 28 Deg Prmin
@on 0 100 S &Pw/ain
Deg P Bot 32 300 op: 12 Deq Prmin
Cnld 32 150 Down: 28 Deg P/ ain
Deg ? Bot 132 300 Op: 12 Deg P/min
Cold 12 150 Down 280 Deg ?/min
Deg ? Hot 32 300 Op: 12 Deg P/min
Cold 12 150 Oown. 28 Deg P/min
Deg ? Mot 32 300 Op: 12 Deq P/min
Cold 150 Down: 28 Deqg P min
[~ ¢ ] 0 10
] o 10
Deg ? 2 300 Op: 12 Deg P/min
Down: 28 Deq P/min
Deg ? 32 300 Op: 12 Deg P/min
Down: 28 Deg P/min
Deg ? 32 300 op: 12 Deg P/min
© Dowas 28 Deg P/min



Appendix D1 (cont...)

“Suggestad Static and Dynaaic Limits for Rajscting 3ad Quality Data®

SEOPNCE ITD TESY (continued)

PARANETER STATIC LINTS RATE QF QHANGE
MININUM  RAXIMUM LT
Alr Pual natio -] 20
Foel {alst tamp Deq ? 0 1%0
Card alr tamp Deg P b F 3 100 10 Deq P/min
Bamidity Gr/1> (] 100
Card Alr pressurs IaM20 - =200 1
Ambient Alr Temp Deg ? 0 150
Blondy gas outlet temp Deg P 32 3s0
3lowby o o 3
2ight exhanst pressure InK20 o -]
Laft exhaust pPressurs Inu20 . ] . S0
04iff. exhaust Pressure InB20 0 2
Iataks Vacoum InRC o 3s
Iataks aixture tamp Deqg P 32 150
Crankcase pressure Iam20 (-} -] Op: 1.6 In ByQ/sec

Down:s $ Ia Hg/sec
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cpencix Vi (cont...)

*Suggested Statio and Dynaaic Limits for Rejecting Sad Quality Data®

SEQOTNCE TIID TEST

PARMETIR STATIC LTS RATE OF CHANGE
IHIMUM  NAIINUN LINI?

Average speed g ] 0 4000 Op: 88 RPM/sec
Down: 165 RPM/sec

Srake load Id-ft [} 200

3.K.P. -] 150

61l et filtar bDlock Deg P 32 400 Op: 20 Deqg P/min
Down: 60 Deq P/min

0il pan tamperiturs Deg P 32 400 Op: 20 Deg P/min
Down: 60 Deg P/ain

il pump outlet prsss psi 0 100 30 psi/ssc

0il, eangine pressure psi o 100 30 psi/sec

Coolant, jecket out Deg P 32 00 Op: 12 Deq P/ain
Down: 28 Deqg P/min

Coolant, jacket in Deg P 32 300 Op: 12 Deq ?/3in
Down: 28 Deq ?/ain

Coslant, jacket flow o o 100

Coolant, Braathar out Deg P 32 300 Ops 12 Deg P/min
Down: 28 Deq P/min

Conlant, left cover out Deg ? 2 300 Op: 12 Deq P/min
Down: 28 Deq P/min

Coolant, rt cover out Deg P . 2 300 oOp: 12 Degq P/ain
Down: 28 Deg P/mun

Coolant, cover flow [~ ¢ | 0 10

Conlant, Drsether tube o 0 10

flow

Ar Poel ratio 0 20

Pusal ialet tesp Deg P 0 150

Card air tamp Deg P 32 100 ) 10 Deg P/ain

Samidity Gr/l> 0 100

Cazd Alr pressure Ink20 =200 1

Anbieat Alr Temp Deg P 0 1850

Blowdy gas outlet tamp Deg P 32 3%0

3lowdy (~ ¢} 0 3

Right axhaust pressure aM20 0 S0

Laft exhaust pressure IaN20 0 $0

piff. exhaust pressure Inm20 0 H

Intaks Vacuum InnG 0 s

zatake aixture temp Deg P 32 1%0

Ccankcase pressurs InM20 (-] s Op: 1.6 IaM20/sec
Down - Inlig/sec

Sparkx tiaing sToC 0 60

- 13 -



Appendix D1 (cont...)

“Suggested Static and Dynamic Limits for Rajecting Bad Quality Data®

SEQUENCE V-0 OPERATING RECIME

Phasa
1 (Rate/Chq.)
Speed, RPM Max. 7000
Min. [}
Torque, ft-1bs Max. 130
Min. 0
041 Ia, ©°r Max. 350 (5.0 °P/min.)
Mia. S50 (1.0 °r/ain.)
Coclant Ouce, ©r Max. 240 (15.0 ©°P/ain)
Min. 32 (2.2 °P/min)

250 (3.2 ©v/ain)
32 (3.3 °r/ain)

Card. Alr, ©r

Cardb. Alr Press., . 20
In. 820 . =200.0
Cooldown Tine, JR—
Minutss JR—
DevPoint, °r . 110
. 32
Exhaust Back . 400
Press., In. B30 . 0

240 (15.0 °P/min)
32 (2.2 ®r/ain)

Slowby Coelant, °F

F EE CF EE EE BE EE EF BE BE BE BE EE

Nlowdby Gas, °r 3s0
. 32
Marine Manifold, ©F . 240
. 32
Int. Vacuum, . 1
Ia. Bq. . 0
Tiaing . 769BTDC
o o0TC
3arem. Prass., . ewe
In. Hq. . mm=
Csank. Press.., . 20
In. 20 . =10
Fael Flow, b/hr . 2%.0
Min. O

-14 -

Phase
Il (Rats/Cha.)

7000
0

130
0

350 (3.5 °P/min.)
$0 (2.0 °r/min.)

240 (14.4 °p/min)
32 (10.0 °P/min)

250 (3.2 °r/min)
32 (3.3 °rrain)

20
«200.0

110
2

400
0

240 (14.4 °F/ain)
32 (10.0 °r/ain)

3so
2

240
32

3
0

76°8T2C
7ATC

33
20

20
=10

25.0

Phase

312 (Rate/Cho.)

7000
0

130
0

350
S0

240
32

250

32 (S

20
=200.0

S

110
32

400
0

240
2

350
2

240
2

k>
0

(1.7 °F/min)
(1.7 OP/ain)

(3.6 °F/man)
(2.9 °F/mun)

(3.2 °F/min)
.0 °f, aun)

(9.0 OF/ain)

(3.6 OF/min)
(20.0 OF/=:a;

$0°8TDC
ToNTC

20
=10

10.0
0



Appendix D1 (Ccnt...

"Siggested Static and Dynamic Limits for Rejecting Bad Quality Data"

L-38 TEST

PARAMETER

Average speed

Brake Load

B.H.P.

Intake air to engine
Dmamcmeter water

Water In

Water Qut

0il Gallery

Cil Sump

Beater
Intake Pressure or vac.

Crankcase vacuum

Exhaust Back press.
Oil Gallery Press.
Fuel time

Intake air

Rocker Air flow
Off gas flow

Lb-ft

Deg F
Deg F
Deg F

Deg F

Deg F

Deg F

Watts

InHg
InH20

Inkg

sec/1b
l1b/Mhr

- 15 -

STATIC LIMITS

MINIMUM MAXIMUM

32
32
32

32

32

32

6000

32.6

13.5
160
212
212

212

400

400

3000
=15
15

10
100
400
185

40

40

B8 RPM/sec
: 165 RPM/sec

7

10 Deg PAmin

W 12 Deg F/min
Down : 28 Deg F/min
Op: 12 Deg F/min
Down: 28 Deg P/nin
Up: 10 Deg P/min
Down: 22 Deg P/min
Up: 10 Deg F/min
Down: 14 Deg F/min
Up: 1.6 InBXD/se
Down s S . Inig/sec
1.2 InKg/sec

30 psi/sec



Appendix Dl (cont...)

"Suggested Static and Dynamic Limits for Rejecting Bad Oualitv Data"

CATERPILLAR 1H AND 1G TESTS

PARAMETER STATIC LIMITS RATE OF CHANGE
MINIMUM MAXIMUM LIMIT

Average Speed R.P.M. ] 2600 100 RPM/sec
B.H.P. 0 55

Humidity Grains/LB 0 300 10 Gr/1B8/min
Intake Air to Engine Deg F 40 350 4 Deg F/min
Water In Deg F 40 220 14 Deg F/min
Water Out Deg F 40 220 14 Deg P/min
Coclant Delta Deg F o 20

0il Gallery Deg F 40 220 18 Deg F/min
0il Cooler Inlet Deg F 40 220 18 Deg F/min
Exhaust Temperature Deg .F 60 1300

Boost pressure In Kg 27 60 1 In Hg/sec
Crankcase vacuum In HO -5 S

Exhaust back pressure In Hg ) 0 20

Fuel pteséure ' psi 0 100

0il Gallery pressure psi 0 100 16 psi/min
Cooling jet pressure psi 0 100 16 psi/min
B.T.U. / Minute o] 6500

Blowby C.F.H. 0 80

-16 -



Fluid

7% Green
S.G.=1.000

1002 Glycol
1 Tube

1003 Glycol
2 Tubes

Appendix D2 (czcnz...)

MANOMETER STEP RESPONSE DATA SYNOPSI!S

Orifice Time (Seconds) To £ F.S. (30") Frequency Response (Hz)

1oz 632 903 .4/(903-10%)  .159/63%
5/8" .10 .35 .58 .83 &S
3/64" .20 .46 .70 .80 .35
5/8" .10 A3 .72 .84 .37
3/64" .15 .45 .79 .63 .35
5/8" .12 .76 1.93 .22 .21
3/64" .20 .9k 2.96 14 .17
5/8" .15 .93 2.55 17 17
3/764" .20 1.36 3.60 S ] .12

9/23/86

- 19 -



Appendix D2 (Cont...)

™o

A A" of /8 Pipe
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-
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Probe
Type

3/16 RTD
Closed

3/16J T/C
Closed

3/16J T/C
Closed

1/8J T/¢
Ciosed

1/44 T/C
Flex Closed

1744 T/¢C
Closed

17y T/¢C
Dpen

Times are averaged for 4-5 repeats per point.

Aprencix D3

RTD AND T/C RESPONSE TIMES

Length Depth OiloTemp 992 63% f = £3%
__In. In. F Sec Sec Kz

6 1.87 200 50.16 15.83 010

300 44 .89 14.28 on

6 1.87 200 37.39 11.07 04

300 28.139 9.45 017

3 1.87 200 L2.67 12.01 .013

300 32.11 9.31 .Q16

£ 1.25 200 22.70 6.47 .02¢

300 17.63 5.67 .028

6 2.50 200 70.70 21.04 .008

300 54.00 16.77 .009

4 2.50 200 78.18 21.53 .007

300 60.28 17.27 .009

3 2.50 200 30.24 3.82 042

300 17.81 2.59 061
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EQUIPMENT SKETCH

Fluke 8050

_DVM_(4-20MA)

T/C
Under Test

Hy Cal
£T807A

Ey Cal
1000 Chm
RID

lce Slurry

for repeatable readings.

lce bath measured with standards prior to readings.

Fluke 2190A
Temp. Ind.

Fluke L========:r
2190A
Temp. Ind.
Fluke — - S
2180A Tiem
RTD Ind. nerm

Std

T/c p Thermometer

hned -
4L wire RTD
S
tandard Lauda Temp. Controlled
0il Bath
Notes: 1. Immersion depth quite ¢critical
_ Fixtures In both mediums were required.
2.
Range was 31.5°F to 32.0°F,
3. Cil bath was set to 200.0°F and 300.0°F.

-22 -
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appendix D5 (Cont...)

£-1-B¢
1f1lename: tcel TCldresp.S8s6

R.EBelling (FL?
D.Smolensti (FL)

J.Howes

F.Tidrow

Uzers FRequecst:

e have been asted to indicate the freguency response of the cortrol

srstems in TC-14. We undercstand the interest is to determirne the svstem
1 o

response using the automatic technigue versus previously ussd menua "2isezaS3.

of curvesz were provided to help develop & statement of the ss/stem

- EBries
rezsconce for each of several paraneters. The curves ar2 the cutput

z1gnmal to scws sheEp 1nput change. Two curves for each output wese prouvicsr,
cne an @.pandesd s=ctior of the first.

Cenmeral Stateinents cf the svetem:

In gerneral ths rezporse of & system is based on the charge 1n the cutout for
zmome changs on the input. Ideally the input command is a stsc charmc=. Thsr
n.aht be some latsncy or delav time before the output resct: :
mange, this should ke cone:dered 1n the statement of resuoo

wtdw the fi1lez cor the TC-14d dish and find the particul ar
commard stzp 15 not documentsa. We had neglected to ast
LN+ o.

i i

"
. |
(R (O ]
G
1
.

m
ih
—
—

Our statement of response 1s based only on the curves prosvided.

eral of the output curwes have characteristics which display
me Oof the +torcimg functicns we would expect from the zentrol
1ithms, such as & large fast change and then & tagering cff as
ars the ¢1na’ value, rather than a purely underdamped or overdsmped
wig2 curwe@. While this varies from the tent bogh wvariet:.
.erql ‘= tures sucgsst our use of the standard formulis shouwlid
eptable.

ﬁ;ﬂ';ﬂ m
o] lCl
i "1

0
0

R
1

n K]
5

e

1

“g understand R.Belling tried not to incorporate any additional pre-amalog
f:ltering nor any special digital filtering to better simulate what the
“ther users mioght have with their manual systems. The CATS systam does have
1.5 Hz anti &aliasing passive filters on the Computer Froducte Inc analcg
input channels. The FID control loop constants assigned {(gain, integral

and differenial factors) in the CATS software act as system filters.
We don't have numbers that we can pre-assign to these effects, so
Ffresently rely on test output characteristics. The control can be =pseded
ve or slowed down by changing these factors. R.Belling has them operating
£t the spesd he feels is right.

Uzers Test LDats
The anslog plots supplied by the user show a contraol step cf some finite value.

- 27 -
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*his step change ma,s only be & small portion of the full range.

In developing a statement of the time it tales for the output caircuit

‘to reach the final level we are cenzidering the final valug shown on the
clots to be the full scale range. This could be intepreted as a smzll =zignal
change and mav not accurately describe the time to reach the final levsl
over a large command change.

FSy~ — — T T

/)
—\t—_ J RA~ 3? 0 ‘{- QJAT‘A

4

Fimwal SVﬂ//'f&,
balve

Time

“he fracuenc. vs amplitude rati1o plut (Fode plcot) 13 frecuertl o uzed
whisn deecribing si1onal circulte and is used by the desigrer when ds.sloz:ng
the separate blocls of the control svstem. The Bode plot shows st what

trsguency the circult will begin to atterusate si1gnale.
g've include the breakcoint freguency (point where the =
J:tenuated “ dbi! of such & plct in specifving szach circul

2t ‘Lb
R

; a/OCnvm

LI 1o '

[]
T T
Bode Plot

Ezs2d on the above discussion we've made a statement of the resconss
time, that describes the output curve in a general sense. We have
Luerssitimated the cowmand start location in “time’ to have the cs
rzzgonce better mstzch the real irgut signal.

The reesponse 13 stated in terms of the time to rsach appronimatel.

2%X of the final wvalue (usually considered S time constants. but i1n our
curve interpretation the value ig rezched much sconer). The time pericd
1z listed in seconds and in time constants (which is based on the time
4or the first time constant). The frequency brezk point value used 11
the Ecde plot is alsoc shown.

Ezsed on standard formulas cne time constant is &2.8% of finmal value
and S time caonstarnts is 997 of final value. We will consider the final
~alue as the average final level as shown in the plots.

In the case of TC-14:;

- 28 ~
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1. Flow:
a. Breather Tube Coolant Flow:

Time for fimal value (~ 99%), 1.24 seconds.
« 1.62 Time Constants.

The break point frequency from the formul a

Ftbrealk) = 1/(2¥FIttime corstant)
« D193 o ™~ 0.2 H:z

These values would be differert 1if & delay time were =dded.
The +i1nal value time would be longer and the freguerc.

would be slower.
b. Fight Fochker Cover Coolant Flows

Time +or final calue (7930 .

Fibreat) = 1.0 Hz

The higher fr=q appesrs 1n scror but 1ts czlculatss or
one time comnstant where the sutput slews rapg:dil -
ther the output slows down 3= 1t nearz the fimal value.

c. Rcoccher Flow:

Time for final calue 99°%00 . 1.7 secoros,
< S.17 TC°=
Fibreak: = 0.9 Hz
d. Water Flow Through the Cooling Jacket:
Time +tor- final value (9%), 7.9 seconds,
. 1.6 TC s.

Ficreak: = 0.03 H:z

8. Carburetor Air Fressure:
Time +or final value (99%), 10 secords,.
« 4 TC <.
(Fezlly need trailing edge of control cur.e!
Fibreak) = 0,06 H:z

b. Engine QOil Fressure:

Time for firmal value (%),

F(bresk: = 0,04 H:z

- 29 -
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c. Left E:haust Fressure;

Time for finmal value (99%), 16 seconds,
' . 2 TC's.

F(break) = Q.01 Hz

3. Engine Torque:

Time for final value (99%) .,

S. econds,
. 2.

8 s
4 TC " s.
F(break) = Q.06 H=.

4. Dvnc Speed:

Time for final value (99%), 5.8
2T
F(breal., = 4,05 Hz.

The user maws determine the above arnalveis is sufficient. We'll leave it to
wour descretion. be plan to use the TC-134 site as an example of cur s stems
and will document the operation in more detail.

mn
(]
0
th
-
2

Faferences:

Flot reproduced from:

"Aotive Filter Froducts: Design and Selection” manual, by
Freguencv Devices Inc,
25 Locust Str,

Haverhill, Mass, C1BTO

=rtizles:

"Freauency Respornse of The Frocess".
Instrumerts and Control Svstems”, Yol 3&5. Fg 135, Sept 1763.

"Frequencv Response Analysis", ISA Journal,Feb 19462, Vol @,
Nc. 2, Fg 2S.
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Q‘TCF L3 o BraThr Tyube

- N 7 4
Y
> 6 1
-
o
a - S 1
-
ve
-
-s
Rec = 1 L T T L] L] L L
FREQ@3 2.398 7.398 . 17.39
15:21:12 8?2/1?72/86 4.898 9.898 .
X ax1s is time in seconds
Rinisus Min @ Maxisua Max @ Average Std :Dev
4.02% 189 9.185 126 7.334 1,816
g TC FL 30
q- \
8.¢ e
8
Y&
0
4 L TC L33 /A
NN
\ .’ !
Y s. -
b= RS
w N .qz—-al sec
ez 5]
o~ — , 82 s€C— ~aa %,
e 4 a4
-e T
- \
4 T LAl . ¥ L ¥
Rec = 1 ty e &
FREQ3 13.8 4.8 5.8
15:21:12 07-17/86 14 418 15 16
X axis is time in seconds 3.9 _
Rinisua Min @ Maxisam Max @ Average Std Bev
4.208 158 8.83S 140 6.377 1.898
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RRC C FeSY lluzLJ- Rockee Cover
(b'c
5.6 ~ W
’L) Qd (’b\l
|“‘ 4.9 4
WV S
\
-
4.2
o
-
» TR
EI 3 1.4 \\\\\\
S - 1<.9 TC
o 1S4 \L - 20
@ e \ \1 L
R.C - l L] 1 T 1 4 T {
FREQa 2.406 7.406 12.4 17.4 19.9
15:31:54 87,1786 4.906 . 14.9 .
X axis is time in seconds b
Ninmisua Min @ Naxisum Max @ Average Std Dev
2.822 199 §.786 110 5.87 .9114
3.396 161 4.929 144 3.991 .5818
RR CCFRL 5SS
$.b :
)
;‘-q v -
4.9 4
|
Y .
AR
\{ l/ | TC 63.8 %
2 3.2¢€
- s.s] -~ 0.1uDdec
M o~
pr Py jo TC T0C
] . 20
Sw P~ B sed A ‘246 sec
Rec = 23 ]ﬁ'" L T T T T T T R
FREQ4 e 16.5 | 17.5 18.5 . 19.9
15:31:54 @07/17/96 1?7 18 9
X axis is time in seconds
Riniasua Min @ Raxisus Max @ RAverage Std Pev
2.822 199 $.584 162 3.427 .9053
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ReTOT F27 Flow

RocKta Co Ve 2

P~y e Mo

8.1
1
v 7.2
\

\ 6.3 4
>
]

P
e S.4 -

e
o
[ oS
o~
& s \oyw
:;EQ- ! J ' N ! ' T T

- 2.406
15:3!:54 e?/1?2/86 4.906 7.40¢ 9.906 12.4 ' 17.4
X axis 1s time in secondas : 4.9
Rinisus Min @ Raxiasum Max @ Average Std %
4.519 198 e.816 g 7.894 1.386
ﬁl<L1-(3-r F 21
InpuT
/(’OMMAud. (buess ) TAmraTE)
8 Time 03289 tec
2. A Time 0131S Sec
8.1 o
7.2
\.
!
\ \ 6.3 - 6 o/
- il 1ITG L3 e e

4 \ f \ -1 7sec

~ ! l - l.qu
- ol 4 Fiwn

gy 5.4 ] value

o -

- | .

2'.’ - q-j T I 5' ) U VZ} ‘< Yy
Rec = 1 * v \ T -T 1 T
FREQs 16.2 J 17.2 19.2
1S5:31:54 @7-/17/86 16. 17.7
X axis is tise in seconds

Riniaua Nin @ NHaximam Max @ Average Std Dev
§.988 1.674

4.563 185 8.598 161
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CAR B PR

EacbuaeYoa Al p/l-fifude

-87S 4

<06

«04S
4.4
,0374
=] .83 4
-
xa .8015 3"
-
xe
Q-
s
RQC - x L] L] LE L L . 1§ L §
FREQS 2.398 7.390 12.39 | 17 .39
99:32:02 87/18/86 4.099 9.898 14.09
X axis 15 time in seconds
Minieus Mi1n @ Raxisus Max @ Average Std Dev
.81 268 .00476 95 .05991 .82433
e
.07?5 4
/ [ 5
! \L . .96 1
1 ] ,
: .\ b -
. \ V.945 -
o .03 1
-
=a 815
- .
=
-3 .
s -
..c = l L 4 LJ L ] L B LE k™
FREQS : 13.8 18.8 17.8 19.8
09:32:82 97/18/96 14.85 16.5 1.5 .
X axis is tiee in seconds
Rinisua Nin @ Baxisua Rax @ Average Std Dev
.01264 195 .808128 127 .0329%8 .01929
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Eu°as~i 0. pResIurE )'{7

opeEN &

igine reset

/
e ./C7
EZﬂde Zs\

-
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\<D0~
,/ 180 A

~

o C
2

£u 000
o n
n ®

yx

o 120 4
z
w o
a N
Os
e Rec = 1 — Y - T T T 7
FREQ? 2.466 7.406 12.4 17.4
13:18:50 ©7-/18-86 4.906 9.966 14.9
X axis is tise in seconds .
Rinisua Min @ Raximus Max @ Rverage Std Dewv
113.2 200 194.6 1 173.8 29.11
’_m_ouT Comman CGQQSQ'EMA“.\
1qL :

. N
/\

r 180 -

cN N
'\-\4 "\‘\\ 165 A
\ AN
N
\!

“(g: 158

\/ 13S 4

1{1]

OPENG
.20 (P)

128 4 |
— 7sc—] S
Wl \\\ )

L

Rec = 1 R
FRE ’ 12.1 14.1 16.1 18.1

13:18:50 87,1896 13.1 15.1 17.1 15.1
X axis is time in seconds .-
Rinisus Min @ Paximem Max @ Rverage S$td Dewv [0
113.2 200 193 113 " 149.2 28.99
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LEx PR LefT BxhavsT Pressore !L ‘

_'{, 4.2 4 ' Q"W

- 3.6 1
'Y
x ~
lad =
Y
Rec = 1 L] L Ll ¥ LE T T
FREQ2 2.398 7.398 12.39 17.39
15:90:31 87-17/86 4.898 9.898 14.89
X axis is time in seconds
Minmiaus Min @ Raxisus Max @ Average Std Dev
3.354 171 4.996 9 4,529 6234
4.9 .
N\
e.84
AN
4.5 -
r A
\ L
N 4.2 A
9% .
| N
2 —3:9
-
s 3.6-
iy
5.13  § . | §
Rec = b
FREQ2 14.39 14.8 . 1S.6™. 1€
15:00:31 87/17/86 14.6 1S ' 15.39 1.8
X axis is time in seconds @
Minious Min @ Naxisus Max @ fAverage Std Dev
3.396 161 4,929 144 3.991 .5818
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1680 1
140 -
o
-
120 1
-
<
a
o
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Rec = 1 ! 4
FREQS 2.406
13:29:12 87/18/86 4.986
X axis is time in seconds
Ninisua Min @
1e2.1 193

1
1w \\Q-.
RLLEI"Wari S
148 4
L
121
= .
b :
129 - i _—t
i 2.4 1Cs
P-4 24—
£ T L A mrnd
-& o b
-z . &b
RQC - l ] 14 Ll L} ] \l T ¥
FREQS 12.8 14.8 J 16.8 18.8
13:29:12 07/18/86 13.8 S.8 17.8 19.
X axis is tisme in seconds
Miniaus Min @ Maxisus Max @ ARverage Std Dev
102.1 193 167.1 13 129.4 gx.zz
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PymvwoRem
* 3009
2759 1
2509 -
a
P~
Eg 2258 1
[ &S
oa
z
> o
ae
RQC = ‘ T R Lo { 1] 1 T
FREQ? 2.406 7.406 12.4 17 .4
13:18:58 87-/18/86 4,966 9.966 14.9
X ax1s is tise in seconds
Rinieua Min € Raxisus Max @ Rverage Std Dev
2068 192 3001 1 279S 331.8

Joo
2808 1
2600 4
2482
2409 -
a !
s .
fe———— 2.9 Sec —
= 2200 | 2TC
&2 g <. q
fe u4do i
ae
100 N\
Rec = T L T T y LAY
FREQ? 13.6 15.6 17.6 \\~ . 19,
13:18:50 07/18/86 . 16.6 18.6 °-
X axis is time in seconds :
Rinisun Rin @ Naxisum Max @ Average Std Dev
2068 192 2999 128 “24S9 317.9
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gco olLF
WATE R Flow tThavu Gl T Coolin ¢ JACK?T

1.16 4
‘“#JH%‘ r
1.14 4
o
>
1.12 4
-
-~
o
cw
Q)
[~ K J
n'c = 1 T L b L] R} L 4 ]
FREQ6 2.398 7.398 12.39 17 .39
09:45:45 87/18-86 4.898 9.89¢6 14.89
. X axis igs ftime in seconds
Rinieus Min @ Maxieww Rax @ Average Std Dev
1.3183 18S 1.167 96 1.141 .01481
/34 ~uv”
' Ve,
A !
1.18> 0
e
A R g
. o -
W 13
L]
1.14 4 - ~
{ TC
3 / I
4 ¥ W /:
_ 1.12 % /';,NAL VALU:
ge: £ 'FC:
| | —
ge T {8 Sec 1 14/ —
- e
.'( - x L L L gl ) S 1 4 1 3 L g 1
FREQG e i2.6 . 14.6 16.6 .
89:45:45 07/18-/86 13.6 1S.6 17.6 . 19.6
X axis is tiee in seconds
Rinisua Min @ Raxisue Nax @ Average Std Bev
1.183 18S 1.164 118 1.132 .81564
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0 fPeanTinC  Exbh  Presg ! /0 (

7] (A
. VR
. o 4 l.; | \M
l\\L - ]
~ N
H
!
o A ( ‘l !
=\
i
~.87
- "
«a 1
QA -
x
[}
-0
as
n“ - l L LS L 2 ] 11 R L 4 @
‘FREQ2 2.398 7.39¢8 12.39 17.39
1S:00:31 87-/17/86 4.898 9.898 14.89
X axis is tise in seconds
Minisus Min @ Maxious Max @ Average Std Dev
~.134S 33 «1354 120 -.91421 .85592

NoT evaluaTed
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P

et 2
f}i’f}
':; ml’
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AL
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Fhe, catatog desenbes Sensoteg ngnnuﬂ(n‘rnuu'n(hnlurqxqv»v(Hth(wula(rcplHuu!unolnﬂh[nvdguw'wu
welded . slamtess steel dapbragm) differentat pressure tansducers Thete are three BASIC ACCURACIES. T4L o

(G 570 avanlable tor wewel models The accuracy s the combimed eftect ol imeardy, hysteresis, and repeatabiity
subrmneitne wet/wet dilterential uni

W e E T :"f’ N
LN \‘.'ﬂ‘v‘fl %‘u;./"‘i \J: \' l : (U P

0.5 to 30 psid

&P -

Vjobwsa

SUBM!N!ATURE PQOD WET/WET

Linearity &
Range Hysteresis (BFSL) Line Pressure Output _ Input.
5 \O \5 :}q psid '-(_).5-‘;1 250 ps 100 mv 10v
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=E 0.5 psid to 10

4]

3

PRESS

3
Imm

3 STANDAF
'h pressuce porls becanse ¢ach port has a 3 BASI C AC

IACIES. TJE (0 1%). £ (0 25%), and A 5 o o
d repeatatniity  Also presented s the P30P 01 /07 025 /

VIO RANGE WET/ WET

50 psid to 750 psid

e

i

OPTIONS /
Internal Transducer Electronics Amplifier 7

0 -5 Voit ar 4 to 20MA
. \‘
TJE. 2. A5 and A 10 Senies Pressure Transducers are
Avanable tor all pressure ranges with antegral builtin elec
oni. amphhcvs - 42 —
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9-24-86
4ilename: t:ol\TCSrosp.Qaé

Kk.Belling (FL)
D.Smolenski (FL)

J.Howes

R.Tidrow

Users Request;

R.Belling asked that we make a comparative analysis of the test system

response performed in TC-8 as was done for the test data from TC-~14.

R.EFelling will supply the test data to the ASTM sub committee.

General Statements of the Test Set Up; .
In this case a group of time response statemegts were provided as were
documentecd from TC-~-B when running a similar test to that in TC-~14. In thie
installation all controls are manually positioned for the ne:t desired
setting. The change in process may be done by simple valve change
or be accomplished by manually re-~positioning the command dial on a
pneumatic controller (Moore).

The ranges are as previously documented, that is only a comparative
incrementa2]l change has been made and the time recorded (manually).

Manually Response Datag
The 1nforanation 1s stated in direct comaprison to the automaticelly
controlled i1rnformation previously suppliec.
1. Flow:
a. freather Tube System (coolant flow):
Flow change from 3 gal to 2 gal/min (by manual valve change):
Time to approach the or strike the ma:imum value was & seconde.

Time to stablize to the final value, 15 seconds.

The dbreak point frequency from the formula
F(break) = 1/(2¢Flstime constant)
One time constant (TC) = 63.8Z X 6 = 3.8 sec
F(break) = 0.04 H=

' (This compares to 0.2 H: for the autoc process)

b. Rocker Cover Coolant Flow;

Flow change from 3 gal to 2 gal/min (by manual valve change):
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Time to approach the or .strike the maximum value was 7 seConde.,

Time to stablice_to the final v;l:;, ld'sgcohds.

The brea! point #Foquency $rom the formula
One time constant (TC) = 63.8%Z X 7 = 4,47 sec
F (brealk) = 0.03%5 H:z

(This compares to 1.0 H- for the auto process!

c. Engine Coolant Flow;

Flow change from 40 gal to 3B gal/min (by marually resetting &
tMoore pneumatic controller);

Time to approach the or strile the ma:imum value was 20 s:zo-ce.

Time to stablice to the final value., 97 seconds.

The breal point frequency from the formula
Ore time constant (TC) = L£3.€% X 20 = 12.8 sec
Fitreak) = 0,012 H:

(Thas comsares toc (.2 H2z 40r the auto proceszcy

2. Frecesure:

@. Carburetor Fressure:

Frecsure change from 0.02" H20 to 0.01% H2ZO (by manually resstting 2
Moore prieumatic controller):

'll

Time to approach the or strile the ma.i1mum value was 18 e=zcongrF.

Time to stablice to the final value, 27 seconds.

The breal point frequency from the formula
One time constant (TC) = 63.8% X 18 = 11.5 sec
F(break) = 0.014 Nz
(This compares to 0.06 H: for the auto process)
b. Engine Oil Fressure;

Fressure change from 40 psi to 33.5 psi (read as a gage pressuré€
and changed by a speed change from 3000 rpm to 2000 rpm);

Time to stablize to the final value, B seconds.
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The breal point frequency_from the formula
One time constant (TC) = 43.8% X 8 = 5.1 sec
F(breat) = 0,02 H=
(This compares to 0.04 Hz for the auto process)
c. Left E:haust Pressure;
Fressure change from 4.9 kPa to 3.5 kFa (by manually resetting &
Moore pneumatic controller):
Time to approach the or strike the meximum value was S sscords.
Time to stablize to the final value, Z5 seconds.
The breal point frequercy from the formula
One time corstant (TC) = &Z.E% X © = 2.2 secC
F(breat ! = (., 08 H:
(This compares to V.0! H: for the &uto process:

v« Engine Tor que:

Torque change $rom 1460 NIm to 130 Ném (by adrusting an electrical
s&rve for Throttile Feocertion::

Time to approach the o sirile the maximum value wesz 12

W
Ly
"
(]
J
o

"

Time to stabtlize to the firal velue, 2P seconds.

The breal point frequencv from the formula
Dne time concstant (TL, = &3.B% ¥ 13 = 8. % sec
F(breal) = 0.02 H:z

(Thiz compares to .06 Hx for the auto process:

S. Dyno Speed:;

Speed change ¢rom 3000 rpm to 2000 rpm (by adiusting the speed pot
on the dyno control panel):

Time to approach the or strile the ma:imum value wss B seconds.

Time to stablize to the final value., 1S seconds.

- 46 -



Arr¥LNULA DG (LUNT,. ., )
The breat point frequency from the formula
One time constant (TC) = 42.8%Z X 8 = 5.1 sec
F(breai:) = 0.03 H:z

(This compares to V.05 H: for the auto process)

F.Spain
Instrumentation Dect
Attachment; Comparison Chart .
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(ALT U) Lotus

Comparison Chart for Response Data betweer the Test Cell 1<
(computerized) and Test Cell 8 (Manual) control systems

Control
Farameter

Ereather
Flow Cool

Rocler Cov
Cool Flow

Engine Cool
Flow

Carburetor
Fress

Engine 0:11

Frecs

Left E::h
Fress

Engine
Tor que

Dyno
Speed

Reach Max
Value (Sec)
TC-14/8

1.34/6

©.3/7

Final

Value (Sec)
TC-14/8

/1S

30714

20735

S.8/35

S.4/15

One

Time Const

TC-14/8

¢.82/3.8

0.1574.47

4.9/12.8

2.5/11.95

6/3.2

2Q.4/8.3

2.9/5.1)
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F (breat)
H=
TC-~-14/8

0.2/0.04

1.0/0,025

0. 03/0.012

0.0€/0.014

©.04/6.03

0.01/0.0%

C.06/0.02

0.95,0.03
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Leverzor Ger
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PesaTionsktPr EeTwEEN

o) DICITAL IST okdeR FILTER

b)) Roctive Averace FuTe?

9) Brock AverACE Fre7eKX

AND THE C(CLASSICAL Awmacoc [5T orDew FreTzr

Dermwi—rwovw €F SYmBocL S

:F: FREQUENCY TF INPUT FualeTron/

T: PeRiob oF InPUT FumcTion (=7) 200 sec Sor example:

355: SAmpPLnG Fecouenmcy

o

]
* SAMPLE T/m& PeRr/OD <= 4‘; ,Sec ‘Fbr ?XQM’/PS

o

s CLASS/cAL AwALOG FiuTER CuToFS FREQUEANCY X< Sr evample

1 CLASSICAL TIME CONSTANT (-m )
C

Roci imne Averace Time Frerop

Z,
‘7—RA: = 22.6 for besT ‘JE//: See ©X2mp.
Ta

: Biock Averace Tme Periap g?a Gr best Fit, see exa.—,al-:

F-Oamuz.As
DIGiTa L IST ©ORDER FI.TER
ouT(s) = [e_ /*C— owr-(c-l) +D /1‘] (<)

Roteing AVvERAGE FieTeER

T ,
QUT () = IN
(<) /4“ @_,.n/r ) ()
Block AVERAGE FieTer .
gr s ,
Ts
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