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I. INTRODUCTION 

There is a growing use of electronic process measuring instrumentation for 
supporting the operations of ASTM engine-dynamcmeter type lubricant tests, 
particularly those using automated data acauisition systems. This Task 
Force was formed to develop instrunentation 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. 

II. SCOPE & OBJECTIVES 

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

A. Issue    guidelines    for    instrunentation    system    specifications    with 
performance definitions for accuracy and frequency response. 

B. Issue calibration guidelines and procedures including record keeping. 

C. Issue guidelines for showing equivalency. 

III.     RECOMMENDATIONS 

A.     PERFORMANCE SPECIFICATIONS 

The Task Force agreed that independent of the hardware used, any 
instrumentation used for enhanced or automated 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 (O&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 instrunentation technology and test procedures, the Task 
Force recommends the accuracy to be 20% of the test specification 
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 frcm 
test specification to 20% 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" HJO 
high: + 0.1" HgT 

Speed: + 1 count per gating period 
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III.     RECOMMENDATIONS 

A. 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 is of 
interest. It is recommended that this known high frequency 
variation be attenuated to 20% of allowable test procedure 
deviation or its normal minimum as outlined in Performance 
Specification Accuracy section. 

Example:    Caterpillar Crankcase Vacuum 1 +0.5" H-0  (App. 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" H-0 
baseline to peak).    Based on the above guideline, it is desired 
to reduce that variation to 0.1" H,0  (20% of 0.5" H-0).    This 
reauires -43.5 dB (20 log 0.1/15.07 of filtering, of a first 
order filter with a cutoff frequency of 0.2 Hz 
(fc = fnoise  10 ^^ = 30*10"43,5/2°).    The frequency response 
for   a green  fluid manometer  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 
manometer. 

In order to design a reliable instrument measuring system, it is 
necessary to understand 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 readings to the historically more ccmmonly used 
manual types of instrument systems with lower frequency responses. 
See Appendix B for definitions and Appendix C for a list of 
instrument devices'  response characteristics. 

B. CALIBRATION GUIDELINES 

General guidelines were developed that will apply to all 
instrumentation systems. The Task Force considers the transmitter 
(manometer, transducer, etc.), the element (thermocouple, flowneter, 
etc.)  and the location of the element as parts of the system. 

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 recommendation 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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III.     RECOMMENDATIONS 

B. CALIBRATION GUIDELINES (Cont'd) 

4. Wien calibrating a system, it is desirable to check the entire 
system as a complete unit, but if necessary, a summation of the 
individual system components 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 complete 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 comply with the above guidelines, but 
rather the manufacturer's recommendations are to be the guidelines 
or as prescribed by the test procedure. 

C. EQUIVALENCY GUIDELINES 

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

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

2. The TMC 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. 

D. OTHER RECOMMENDATIONS 

1. The Task Force recommends that each 0 & H subpanel establish an ad 
hoc committee to review instrumentation practices for new and 
existing procedures. 
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APPENDIX  D6    (Cont...) 

9-24-86 

■filename:   tcel\TCBresp.986 

R.Bel ring   (FL) 
D.Smolensk!    (FL) 

J.Howes 
R.TidroM 

Users   Request; 

R.Bel ling  asked  that  Me make  a  comparative  analysis o-f   the test   system 
response performed   in  TC-8 as was done for  the test data from  TC-14. 
R.Belling  Mill   supply  the  test  data  to  the ASTM  sub  committee. 

General   Statements  of   the Test  Set Up; 

In   this  case  a  group  of   time  response statements  were provided  as  were 
documented   from  TC-B  when  running   a  similar  test   to  that   in   TC-14.    In   th: 
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 
incremental   change  has  been  made  and  the  time recorded   (manually). 

Manually  Response  Data; 

The   information   is   stated   in   direct   comaprison   to  the   automatically 
controlled   information  previously  supplied. 

1.   Flow: 

a.   breather   Tube  System   (coolant  flow); 

Flow  change  from  3 gal   to  2 gal/mi n   (by manual   y^*lv9  change); 

Time  to  approach  the or  strike  the maximum value  was  6  seconds. 

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

The break  point  frequency  from the  formula 

F(break)   -  l/(2*PIttime constant) 

One time constant   (TO   - 63.8%  X 6 * 3.8  sec 

F(break)   - 0.04  Hz 

(This compares to 0.2 Hr   for  the auto process) 

b.   Rocker  Cover  Coolant Flow; 

Flow change from 3 gal   to 2 gal/mi n   (by manual   valve  change): 
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APPENDIX  D6    (Cont...) 

Time  to  approach  the or .strike  the  maximum  value  was  7  seconds. 

Time  to  *tablire_±o  the fina.l   value,   14   seconds. 

The  brv.l    point   frequency  from  the  formula 

One  time  constant   (TO   •  63.87.   x   7  *  4.47   sec 

F(break)   »  0.035  H= 

(This  compares  to   1.0 Hr   for   the  auto process) 

c.   Engine  Coolant   Flow; 

Flow  change   -from  40  gal   to  3B   gal/min   (by  manually  resettinc   s 
Moore  pneumatic   controller); 

Time   to   approach   the   or   strife   the  mi.:: mum   value   w«s   20  s;:o-ii. 

Time  to   stablire   to  the  -final   value.   97  seconds. 

The  break   point   frequency   from  the  for.itula 

One  time  constant   (TO   *   63. S?.  X   20  *   12.6  sec 

F (break.;   »  O.OlZ He 

(This  compares   to  0.3  Hz. for   the  auto  process.' 

Pressure: 

a. -Carburetor Fressure; 

Pressure change from 0.02" H20 to 0.01" H2.0 (by manually reset ti no a 
Moore pneumatic controller); 

Time to approach the or strike the maximum value was IS s^csrd?. 

Time to stablize to the -final   value, 33 seconds. 

The break: point frequency from the formula 

One time constant (TO ■ 63.BV.   X 16 * 11.5 sec 

F(break) » 0.014 Hr 

(This compares to 0.06 Hz for the auto process) 

b. Engine Oil Fressure; 

Fressure change from 40 psi to 33.5 psi (read as a gage pressure 
mnd  changed by a speed change from 3000 rpm to 2000 rpm> 

Time to stablise to the final value, B seconds. 
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The break point frequency, ■from the formula 

One time constant (TO " 63.S*: X 8 ■ 5. 1—sec 

F(break) ■ 0.03 Hz 

(This compares to 0.04 Hr •for the auto process) 

c. Left E::haust Pressure; 

Pressure change -from 4.9 kPa to 3.3 kPa (by manually resetting * 
Moore pneumatic controller); 

Time to approach the or strike the- maximum value was 5 se:3r,d=, 

Time to stablize to the 'final value. 35 seconds. 

The break point frequency from the formula 

One time constant iTC.' ■ 63.&?.   X 5 ■ 3.2 sc-c 

F(break .< ■ 0.05 Hz 

(This  compares   to  0.01   Hr   tor   the  fcuto  procets: 

T.    Engine   To> qcie-: 

Torque- change from 160 N»m to 130 N*m <by adjust i no an electrical 
servo for   InrottJe Position.-: 

Time to approach the or strike the maximum value was 13 second: 

Time- to stablize to the final value. 25 seconds. 

The break point frequencv -from the formula 

One time constant <TC> * 62.6'/. X IS  « 6. 3T sec 

F (break) ■ 0.02. He 

(This compares to 0.06 Hz for the auto process- 

3. Oyno Speed; 

Speed change from 3000 rpm to 2000 rpm (by adjusting the speed pot 
on the dyno control panel); 

Time to approach the or strike the maximum value H«S B seconds. 

Time to stablise to the final value, 15 seconds. 
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The breat paint frequency from the -formula 

One time constant (TO - 63.BV.   X  B  - 5. 1 sec 

F(break) « 0.03 H= 

(This compares to 0.05 Hz for the auto process) 

R.Spain 
Instrumentation   Dept 

Attachment;   Comparison  Chart 
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•filename; tcMvstcB    (ALT U> Lotus 
i 

Comparison Chart 4or   Response Data'between the Test Cell 1- 
(computerized) and Test Cell 8 (Manual)   control systems 

Control    Reach Ma:< Final        One        F(brea» ) 
Parameter  Value(Sec) Value(Sec) Time Const       Hr 

TC-14/8 TC-14/B TC-14/B      TC-14/B 

Breather 
Flow  Cool            1.34/6  /15 C'.B2/3.e               0.2/0.04. 

Rod er   Cov 
Cool Flow    0.3/7 30/14 0.15/4.47 1.0/0.035 

Engine Cool 
Flow          6/20  /97 4.9/12.S 0.03/0.012 

Carburetor 
Press         5/19 10/33 2.5/11.5 0.0^/0.014 

  Z.7/Z. 1 O.04./0.03 

20/35 6/3.2. O. O1/0.05 

5.B/35 2.4/S.3 0.06/0.02 

5.4/15     2.9/5.1     O.05/O.O3 

Engine Oil 7.4/8 
F'rfis 

L*?*t   E: :h 

Press 16/5 

En^ine 
Tor que 2/13 

Dyno 
Speed 5.4/B 
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/o- / 3 ■ SC. 
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o) "DIC/TAL   /«r o*d£R   FILTER. 
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A/^0      7>£"     ClASS/CAL.      AAJACOC      /&   O* D&?   FiCTEp. 

T) £T/*J*-7-/0 <J       cF SYnn Bo (- S 
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~T\      Pa. Rio O        OP      jAJfivT      Fu*JCT/o A/     ( =  <£ j 2oOs«c  -for   eAa-^l*; 

Ts:    SAMPLE  TTMff   PERIOD      (*  %/fs)        / Sec   -£P   e%a„f/es 

Tc I    CLASS ICAL    AMALOG.   ri*-Tex    CUTOFF    reeQue./vcy        X' r ~r--r example 

rO^muuAS 

tlGjTAL       /-ST     CRDGR.     Fu-TE/I 

Rott/vc   Ave«A5£    F<i.T£-« 

OUT(£,-Xc^()^, 

BLOCK   Av/er*ASe     FIUTCA 

OurU) iJ.ru   wr^+V.-O * "HA   JT.^,)'"^ 
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