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you use for testing. We also rec-
ommend that you keep any documenta-
tion you receive from instrument man-

ufacturers showing that your instru-
ments meet the specifications in Table 
1 of this section. 

MEASUREMENT OF ENGINE PARAMETERS 
AND AMBIENT CONDITIONS 

§ 1065.210 Work input and output sen-
sors. 

(a) Application. Use instruments as 
specified in this section to measure 
work inputs and outputs during engine 

operation. We recommend that you use 
sensors, transducers, and meters that 
meet the specifications in Table 1 of 
§ 1065.205. Note that your overall sys-
tems for measuring work inputs and 
outputs must meet the linearity 
verifications in § 1065.307. We rec-
ommend that you measure work inputs 
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and outputs where they cross the sys-
tem boundary as shown in Figure 1 of 
this section. The system boundary is 
different for air-cooled engines than for 
liquid-cooled engines. If you choose to 
measure work before or after a work 
conversion, relative to the system 
boundary, use good engineering judg-
ment to estimate any work-conversion 
losses in a way that avoids overestima-
tion of total work. For example, if it is 
impractical to instrument the shaft of 
an exhaust turbine generating elec-
trical work, you may decide to meas-

ure its converted electrical work. In 
this case, divide the electrical work by 
an accurate value of electrical gener-
ator efficiency (h<1), or assume an effi-
ciency of 1 (h=1), which would over-es-
timate brake-specific emissions. Do 
not underestimate the generator’s effi-
ciency because this would result in an 
under-estimation of brake-specific 
emissions. In all cases, ensure that you 
are able to accurately demonstrate 
compliance with the applicable stand-
ards. 
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(b) Shaft work. Use speed and torque 
transducer outputs to calculate total 
work according to § 1065.650. 

(1) Speed. Use a magnetic or optical 
shaft-position detector with a resolu-
tion of at least 60 counts per revolu-
tion, in combination with a frequency 
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counter that rejects common-mode 
noise. 

(2) Torque. You may use a variety of 
methods to determine engine torque. 
As needed, and based on good engineer-
ing judgment, compensate for torque 
induced by the inertia of accelerating 
and decelerating components con-
nected to the flywheel, such as the 
drive shaft and dynamometer rotor. 
Use any of the following methods to de-
termine engine torque: 

(i) Measure torque by mounting a 
strain gage or similar instrument in- 
line between the engine and dynamom-
eter. 

(ii) Measure torque by mounting a 
strain gage or similar instrument on a 
lever arm connected to the dynamom-
eter housing. 

(iii) Calculate torque from internal 
dynamometer signals, such as arma-
ture current, as long as you calibrate 
this measurement as described in 
§ 1065.310. 

(c) Electrical work. Use a watt-hour 
meter output to calculate total work 
according to § 1065.650. Use a watt-hour 
meter that outputs active power (kW). 
Watt-hour meters typically combine a 
Wheatstone bridge voltmeter and a 
Hall-effect clamp-on ammeter into a 
single microprocessor-based instru-
ment that analyzes and outputs several 
parameters, such as alternating or di-
rect current voltage (V), current (A), 
power factor (pf), apparent power (VA), 
reactive power (VAR), and active power 
(W). 

(d) Pump, compressor or turbine work. 
Use pressure transducer and flow-meter 
outputs to calculate total work accord-
ing to § 1065.650. For flow meters, see 
§ 1065.220 through § 1065.248. 

EFFECTIVE DATE NOTE: At 73 FR 37300, June 
30, 2008, § 1065.210 was amended by revising 
paragraph (a) before the figure, effective 
July 7, 2008. For the convenience of the user, 
the revised text is set forth as follows: 

§ 1065.210 Work input and output sensors. 
(a) Application. Use instruments as speci-

fied in this section to measure work inputs 
and outputs during engine operation. We rec-
ommend that you use sensors, transducers, 
and meters that meet the specifications in 
Table 1 of § 1065.205. Note that your overall 
systems for measuring work inputs and out-
puts must meet the linearity verifications in 
§ 1065.307. We recommend that you measure 
work inputs and outputs where they cross 

the system boundary as shown in Figure 1 of 
§ 1065.210. The system boundary is different 
for air-cooled engines than for liquid-cooled 
engines. If you choose to measure work be-
fore or after a work conversion, relative to 
the system boundary, use good engineering 
judgment to estimate any work-conversion 
losses in a way that avoids overestimation of 
total work. For example, if it is impractical 
to instrument the shaft of an exhaust tur-
bine generating electrical work, you may de-
cide to measure its converted electrical 
work. As another example, you may decide 
to measure the tractive (i.e., electrical out-
put) power of a locomotive, rather than the 
brake power of the locomotive engine. In 
these cases, divide the electrical work by ac-
curate values of electrical generator effi-
ciency (h<1), or assume an efficiency of 1 
(h=1), which would over-estimate brake-spe-
cific emissions. For the example of using lo-
comotive tractive power with a generator ef-
ficiency of 1 (h=1), this means using the 
tractive power as the brake power in emis-
sion calculations. Do not underestimate any 
work conversion efficiencies for any compo-
nents outside the system boundary that do 
not return work into the system boundary. 
And do not overestimate any work conver-
sion efficiencies for components outside the 
system boundary that do return work into 
the system boundary. In all cases, ensure 
that you are able to accurately demonstrate 
compliance with the applicable standards. 

* * * * * 

§ 1065.215 Pressure transducers, tem-
perature sensors, and dewpoint sen-
sors. 

(a) Application. Use instruments as 
specified in this section to measure 
pressure, temperature, and dewpoint. 

(b) Component requirements. We rec-
ommend that you use pressure trans-
ducers, temperature sensors, and dew-
point sensors that meet the specifica-
tions in Table 1 of § 1065.205. Note that 
your overall systems for measuring 
pressure, temperature, and dewpoint 
must meet the calibration and 
verifications in § 1065.315. 

(c) Temperature. For PM-balance en-
vironments or other precision tempera-
ture measurements over a narrow tem-
perature range, we recommend therm-
istors. For other applications we rec-
ommend thermocouples that are not 
grounded to the thermocouple sheath. 
You may use other temperature sen-
sors, such as resistive temperature de-
tectors (RTDs). 
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