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(4) The linearity criterion is met if 
the %L is less than ±2 percent for each 
data point generated. For each emis-
sion test, a calibration curve of the 
form Y = mx is to be used. The slope (m) 
is defined for each range by the span-
ning process. 

[42 FR 45154, Sept. 8, 1977, as amended at 46 
FR 50495, Oct. 13, 1981; 47 FR 49807, Nov. 2, 
1982] 

§ 86.331–79 Hydrocarbon analyzer cali-
bration. 

The following steps are followed in 
sequence to calibrate the hydrocarbon 
analyzer. It is suggested, but not re-
quired, that efforts be made to mini-
mize relative response variations. 

(a) If necessary, follow manufactur-
er’s instructions for instrument start- 
up and basic operating adjustments. 

(b) Set the oven temperature 5 °C 
hotter than the required sample-line 
temperature. Allow at least one-half 
hour after the oven has reached tem-
perature for the system to equilibrate. 

(c) Initial fuel flow adjustment. With 
the fuel and air-flow rates set at the 
manufacturer’s recommendations, in-
troduce a 350 ppmC±75 ppmC span gas 
to the detector. Determine the re-
sponse at a given fuel flow from the dif-
ference between the span-gas response 
and the zero-gas response. Incremen-
tally adjust the fuel flow above and 
below the manufacturer’s specification. 
Record the span and zero response at 
these fuel flows. A plot of the dif-
ference between the span and zero re-
sponse versus fuel flow will be similar 
to the one shown in Fig. D79–3. 

Adjust the fuel-flow rate to the rich 
side of the curve, as shown. This is ini-
tial flow-rate setting and may not be 
the final optimized flow rate. 

(d) Oxygen interference optimization. 
Choose a range where the oxygen inter-
ference check gases (see § 86.308) will 
fall in the upper 50 percent. Conduct 
this test with the oven temperature set 
as required. Oxygen interference check 
gas specifications are found in § 86.308. 

(1) Zero the analyzer. 
(2) Span the analyzer with the zero- 

percent oxygen blend for gasoline- 
fueled engines. Diesel engine instru-

ments shall be spanned with the 21-per-
cent oxygen blend. 

(3) Recheck zero response. If it has 
changed more than 0.5 percent of full 
scale repeat paragraphs (d) (1) and (2) 
of this section. 

(4) Introduce the 5 percent and 10 per-
cent oxygen interference check gases. 

(5) Recheck the zero response. If it has 
changed more ±1 percent of full scale, 
repeat the test. 

(6) Calculate the percent of oxygen 
interference (%O2I) for each mixture in 
step (4). 
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A = hydrocarbon concentration (ppmC) of the 
span gas used in step (2). 

B = hydrocarbon concentration (ppmC) of the 
oxygen interference check gases used in 
step (4). 

(7) The percent of oxygen inter-
ference (%O2I) must be less than ±3.0 
percent for all required oxygen inter-
ference check gases prior to testing. 

(8) If the oxygen interference is 
greater than the specifications, incre-
mentally adjust the air flow above and 
below the manufacturer’s specifica-
tions, repeating paragraphs (d) (1) 
through (7) of this section for each 
flow. 

(9) If the oxygen interference is 
greater than the specification after ad-
justing the air flow, vary the fuel flow 
and thereafter the sample flow, repeat-
ing paragraphs (d) (1) through (7) of 
this section for each new setting. 

(10) If the oxygen interference is still 
greater than the specifications, repair 
or replace the analyzer, FID fuel, or 
burner air prior to testing. Repeat this 
section with the repaired or replaced 
equipment or gases. 

(e) Linearity check. For each range 
used, check linearity as follows: 

(1) With the fuel flow, air flow and 
sample flow adjust to meet the oxygen 
interference specification, zero the an-
alyzer. 

(2) Span the analyzer using a calibra-
tion gas that will provide a response of 
approximately 90 percent of full-scale 
concentration. 

(3) Recheck the zero response. If it has 
changed more than 0.5 percent of full 
scale, repeat steps (1) and (2). 

(4) Record the response of calibration 
gases having nominal concentrations of 
30, 60, and 90 percent of full-scale con-
centration. It is permitted to use addi-
tional concentrations. 

(5) Perform a linear least square re-
gression on the data generated. Use an 
equation of the form y = mx, where x is 
the actual chart deflection and y is the 
concentration. 

(6) Use the equation z = y/m to find 
the linear chart deflection (z) for each 
calibration gas concentration (y). 

(7) Determine the linearity (%L) for 
each calibration gas by: 

Percent L =
z x( )−

Full-scale linear chart deflection
( )100

(8) The linearity criterion is met if 
the %L is less than ±2 percent for each 
data point generated. Below 40 ppmC 
the linearity criterion may be ex-
panded to ±4 percent. For each emis-
sion test, a calibration curve of the 
form y = mx is to be used. The slope (m) 
is defined for each range by the span-
ning process. 

(9) If the %L for any point exceeds 
the specifications in step (8), the air, 
fuel, and sample-flow rates may be var-

ied within the boundaries of the oxygen 
interference specifications. 

(10) If the %L for any data point still 
exceeds the specifications, repair or re-
place the analyzer, FID fuel, burner 
air, or calibration bottles prior to test-
ing. Repeat the procedures of this sec-
tion with the repaired or replaced 
equipment or gases. 

(f) Optimized flow rates. The fuel-flow 
rate, air-flow rate and sample-flow rate 
are defined as ‘‘optimized’’ at this point. 
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