This Research Report is issued under the fixed designation RR: D02-1218. You agree not to reproduce or circulate or quote, in whole or
part, this document outside of ASTM International Committee/Society activities, or submit it to any other organization or standards
body (whether national, international or other) except with the approval of the Chairman of the Committee having jurisdiction and the
written authorization of the President of the Society. If you do not agree to these conditions, please immediately destroy all copies of
this document. Copyright ASTM International, 100 Barr Harbor Drive, West Conshohocken, PA 19428. All rights reserved.

31 December 1987

Committee D02 on Petroleum Products and Lubricants

Research Report D02-1218

Instrumentation Task Force Report to the ASTM Technical Guidance
Committee

ASTM International
100 Barr Harbor Drive
West Conshohocken, PA 19428-2959



INSTRUMENTATION TASK FORCE REPORT
TO THE
AST™ TECHNICAL GUIDANCE CCMMITTEE

(AS™ Camittee D-2, Subcamittee B)

APRIL 22, 1987



II1.

III.

Iv.

CONTENTS

Introduct ion

Scope & (bjectives

Recamendations

A.

Performance Specifications
1. Accuracy

2. Frequency Response

B. Calibration Guidelines

C. Equivalency Guidelines

D. Other Recamendations

Appendix

A, Membership

B. Definitions

C. Instrument Devices' Response Characteristics
D. Data Index

E. References

p. 1
p. 1
p. 1
p. 1
p. 2
p. 2
p. 3
p. 3
n. 5
p. 6
p. 8
p. 10



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
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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.
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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.
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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):

- 44 -
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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.
~ 45 ~
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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.
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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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