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FOREWORD 
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l.. INT.RODUCTION 

The personal sampler pump for use with charcoal tubes that has been 
developed under contract HSM OS9-71-31 has followed the design approach 
of the original proposal, submitted in response to RFP EPAR 71-Neg-197, 
in which a reciprocating diaphragm pump is driven through a crank by a 
miniature, battery-powered DC gear motor. In general, the specifica­
tions of the delivered prototype are very close to the preliminary 
specifications listed in the pzoposal. The volu.ue of the prototype 
is 14'5 greater than that of the preliminary design; but the weight 
of the prototype is 25% less. The performance of the prototype 
exceeds the preliminary specifications and the contract requirements 
in that the flow range has been exte..-ided to 50-200 cc/min and ·Che 
duration of operation exceeds 8 hours. Specifications for the proto­
typ~ Sal!Pler PUlllP and also for ~ battery charger are listed in 
Tables 1. and 2. Table 3 presents a OO!'lparison of the prototype per­
sonal sampler PlllllP characteristics wit:h contract requirements. 

The final prototype consists of a case, which houses the pumping 
mec.'lanism, the controls, and the batteries, and of a separate holder 
for the charcoal tube. The case is sufficiently small and light to 
be carried in a shirt pocket. The tube holder is <·lipped to the 
shirt collar, and the charcoal tube is con.."lected tel· the pump through 
a length of plastic tubing. A typical application of the personal 
sampler plllllp is illustrated in the photograph of Figure l. Figure 2 
is a photograph of the pump connected to the charcoal tube holder. 

A description of the personal sampler pump and discussion of the 
work accomplished and of the test results are presented in the 
following sections. 
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TABLE l 

Personal Sampler Pump 

r:·or Charcoal Tubes 

Anatole J. Sipin Co. Model SP-1 

Contract HSM 099-71-31 

Specifications 

Flow Rate: Adjustable over the range of 50 to 200 cc/min. 

Pressure Drop: Maximum of 2. 5 inches of water through the charcoal 
tube at a flow rate of 200 cc/min. 

Fower: Rechargeable batteries - 2.6 V. 

Duration of Pump Operation: Eight hours at constant speed 
without recharging batteries. 

Dimensions: 11.& inches x 2~ inches x 5 inches. 

Weight: 12 ounces. 

Total Flow Indication: Pump stroke indication from 0 to 99,999. 

Flow Rate Indication: 0 to 200 cc/min. 

Charcoal Tube: The charcoal tube is protected by separate holder 
clipped to the worker's collar or lapel. 

Flow Adjustir.ent: T"ne flow adjustment is recessed and screw-driver 
operated. 

On-Off Switch: The switch is inaccessible when carried. 

Accuracy: Pump stroke indication is linearly related to total airflow 
within ±5'\. 
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TABLE 2 

Personal Saripler Pump 

For Charcoal Tubes 

:aattery Charger 

Snecifications 

Inout Voltage: 115 V AC 

Inout Frecruency: 60 Hz 

Rated Load Current: 45 ma 

Output Voltage {at rated current) : 2.9 V DC 

A:r.bie.-it Temperature Range: o0 
- 40° c 

Di;:..ensi -:>r.s: 2 inches x 2 inches x l~ inches 
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PERSONAL SAMPLER PUMP FOR CHARCOAL TUBES 

COMPARISON OF PERSONAL SAMPLER PUMP CHARACTERI~Trcs AND REQUIREMENTS 

Contract Requirements 

a. The pump shall he capable 
of producing a flow rate of 
200 cc/min through a charcoal 
tube having a maxi.mum resist­
ance of 2.5 inches of water. 
The flo~ rate shall he adjust­
acle over the range cf about 
100-200 cc/min. 

b. The pwr.p shall be battery 
operated and shall he capable 
of operating for at least four 
hours without re -~i.~ging or 
replacing the batteries. 
Either primazy or rechargeable 
hatteriP-s may be used. 

c. The overall unit, includ­
ing the pump, battery, flow 
counter and sample tube 
holder, shall be as small, 
light and compact as possible. 

d. An indicating device, 
such as a stroke or revolu­
tion counter, which gives a 
number which ca..11 be converted 
to total volume of air sam­
pled within ±5% shall be pro­
vided. 

e. The unit shall be pro­
vided with either a built-in 
flow rate indicator or an ex­
ternal device for initial 
setting of the flow rate. 

Pump Characteristir.s 

a. The flow rate is adjustable 
over the range of 50-200 cc/ 
min. 

b. The pump is operated by re­
cqargeable batteries. It is 
capable of '.>peration in excess 
of eight ho1Jrs without re­
charging. 

c. The pump dimensions are l~" 
x 2~" x 5". It weighs less 
than 12 ounces, and it can be 
carried in a shirt pocket. 

d. A revolution counter is 
supplied to indicate total sam­
pled air volume. Accuracy is 
within ±5%. 

e. The pump case includes a 
built-in flow rate indicator. 
Provision is also made for 
external measurement of flow 
rate. 
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PERSONAL SAMPLER PUMP FOR CHARCOAL TUBES 

COMPARISON OF PERSONAL SAMPLER PUMP CHARACTERISTICS AND REQUIREMENTS 

Contract Requirements 

f. The case of the unit shall 
protect the glass charcoal 
tube from :breakage and shall 
protect the inlet so that 
only airborne contaminants 
may enter. 

g. The unit shall be equip­
ped with a means of attaching 
to the worker in such a loca­
tion that t.'ie sample will be 
collected from his breathing 
zone. 

h. Loading, adjustment and 
attachment features shall be 
so designed as to limit op­
portunities for deliberate 
or accidental tampering with 
t.'ie sampler while it is in 
operation. 

Pump Characteristic~ 

.f. A separate holder is pro­
vided for the charcoal tube. 
The inlet is protected by a 
screen. 

g. The charcoal tube holder 
is clipped to the worker's 
collar or lapel. 

h. The charcoal tube is 
totally enclosed. The flow 
adjustment is recessed and 
screw-driver operated. 
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2. ~T:j:-ON OP PERSONAL SAMPLER PUMP 

An outline er awing of the personal sampler pump is shown in Figure 3. 
The device consists of a pump and battery package and a separate charcoal 
tube holder, which is connected to the pump through a length of plastic 
tube. Tl::.e dimensicns of the pump a.-id battery package are 5.12 in. high, 
2.50 in. wide, and 1.25 in. deep. As shown in Figure l the pump and 
battery package are sufficiently small to be carried in a shirt pocket, 
and the chc.rcoal tube holder can be clipped to a collar to sample air 
from the breathing zone. 

A digital counter is exposed thro-ugh a window on the front surface of 
the pump housing to indicate total air flow. A recessed, screw driver 
operated, flow rate adjustment is also locat3d OD the front surface next 
to a rough air flow rate in6icator. A jack is provided to permit a more 
precise external measurement of motor voltage (hence air flow rate). 
An on-off switch is located on the top of the pump and battery package, 
and a jack is provided on the side of the package to charge the battery 
when it is not in use. 

The personal sampler pump with a transpaxent cover,· providing an internal 
view, is shown in the photograph of Figure 4; and an assembly drawing 
corresponding to that photograph is shown in Figure 5. In both illustra­
tions t.'le 'lt."Orldng parts of the sampler pump are exposed, including the 
pUliip drive, the pump stroke counter, the drive piston, and the inlet and 
outlet valves. The batteries axe located in a separate package below 
the PUJllP housing. The :battery pack is removable and can be separately 
charged if necessary. 

Figure 6 is a drawing of the pump and drive assembly, which is also shown 
in Figures 4 and 5. Tr.a inlet valve assembly, item 11, is shown in the 
par'"...ial section of the top view. The outlet valve assembly can be seen 
in sec""...ion AA which also shows the piston and diaphragm assembly, item 5, 
and the drive shaft. The separate drive li:nka::i-e and the motor and 
counter mounts are clearly shown in the partially sectioned side view. 

Figure 7 is an electrical schematic diagram for the personal sampler pump. 
Plug 162044 and receptacle 162045 connect the referenc~ battery 162046 and the 
power batte:cy 162047 to the p"Ump drive. The reference battery is a 
mercury cell which energizes a flow adjusting potentiometer 162043. The 
wiper arm of the poter..tiometer is connected to the input of an electronic 
reg>..:Uator, which controls the voltage applied to the terminals of the 
drive motor 162042 to be that selected by the potentiometer. Since the 
motor speed is very closely related to the terminal voltage (back EMF) 
a very constant drive speed is maintained at the selected value. 

Because of the linear relationship between flow rate and drive speed and 
between drive speed and motor voltage, an indicatio:i of the motor voltage 
provides a measure of air flow rate with satisfactory accuracy. The flow 
indicator included in the pump package is an ultraminiature iron vane in­
dicator, whose function is to permit setting of the air flow rate at ap­
proximately the desired value. For more precise calibration jack 162049 
can be ~onnected to an external voltmeter. A resistor 162051 is provided 
for calibration of the built-in flow indicator. The on-off switch 162040 
is connected so that both the reference battery and the power battery are 
connected to the circuit by a single contact. 
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l. WORK ACCOMPLISHED 

Work performed in development of the personal sampler PlllllV consisted of 
design, component e;:tluation, fabrication and evaluation of test mollels, 
and fabrication and test of the final prototype. 

T"ne principal problems involved in development were: 

1) Providing a high volumetric efficiency. 

2) Achieving the linear calibration of flow rate to drive speed, 

3) Designing the pump drive and selecting components for minimum 
battery power drain. 

4) Achieving stable operation at constant low drive speeds. 

An additlonal. initial problem was in attaining a 1:1 correspondence be­
tween the flow rate and the reciprocating speed of the piston. Although 
this correspondence is attainable, it was ultim<:.tely abandoned because 
of the very low drive speeds that would be required at low flow rates 
oi interest to obtain a correspondence between the digital output and 
total flow in discr.ete ;mits (e.g. cc/revolution). 

Consideration of the pumping dynamics indicated that the volumetric 
efficiency is a function of the resistance in the inlet and outlet flow 
lines. If the resistance is too high, the mass flow will be decreased. 
An effort was made, therefore, to attain valves of low resistance and 
high efficiency and to design the porting to maintain pressure drop at a 
llll.IUJmllll. Consideration was given to the introduction of arbitrary re­
sistance in the line so as to reduce the effects of fluctuations in the 
resistance of charcoal tubes. A number of charcoal tubes of different 
sources were tested to determine the average resistance and the spread 
of resistance values. The large majority of the tubes had resistances 
well below the specified maximum. Tests of the prototype with a simulated 
resistance of 2.5 in. a2o @ 200 cc/min showed that the pump calibration was 
within specifications, a."ld there was no need, therefore, to introduce 
a linearizing resistance. 

Various types of valves and valve designs were investigated. Of those 
tested a rubber valve with an umbrella shape provided the best combina­
tion of low forward resistance and low reverse leakage. These valves 
are used in the prototype. The valves and test results have been dis­
cussed in the semi-annual report. 

Initial piston drives that were tested had no other bearings besides 
those of the motor and counter. Although this configuration is simple 
and workable, low speed operation was affected and there was an excessive 
battery drain due to high friction. Separate bearings,< therefore, were 
installed for Ile drive linkage. Several lllOtors with. vaeyinq·· character­
istics and several transmisSions with different ratios were tested. 
The de"Wlopmental drives also have. been described ·.in the semi•annual report• 



Following the component tests, a test pump capable of assembly into the 
desired prototype package was built. Variations in linkaqes, drive 
components, diaphragms, and valves were all evaluated with the test 
pump assembly. After achievement of satisfactory operation of the test 
pump assembly, two prototypes were 1.."0nstructed. The first pz·ototype 
met contract requirements; but since it is desirable to operate the 
pump at a mucil lower flow (SO cc/min) than that sprcified (100 cc/min 
minimum), additional develcp:"lent was performed to assure low flow operation. 

~o :Ur.prove low speed operation and to provide constant speed over the 
p;;:riod of operation o= the pump, an electronic regulator was added. The 
regulator maintains pump voltage and pump speed at the selected value. 
The de~iqn was revised to include this regulator, and a new prototype 
with an improved envelope w.as built. 

Tte final prototype was tested and showed performance exceeding contract 
specifications. 
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4. TEST RESULTS 

l!'iqures 8, 9, and 10 are plots of the final test data for the prototype 
personal sampler pump {No. 2) which has been delivered to the National 
Institute for Occupational Safety and Health. Figure 8 is the basic 
flow-speed calibration which relates the air flow rate (cc/min) to the 
speed of the drive shaft (i.e. piston strokes per minute~. 'l'he calibra­
tion also can be expressed in cc/stroke (or revolution), since the 
counter whicii indicates total air flow is coupled directly to the drive 
shaft. Three different conditions are plotted in Figure 8: one with a 
charcoal tube having an average flow resistance of 1.5 in. H

2
o at 

200 cc/min; t.lie second in which a low resistance tube is used; and 
the third in which a ' lt:,ulated maximum flow resistance of 2.6 in. H2o 
at 200 cc/illin is app.lied to the inlet. It is seen that the test points 
for all tlu.-ee conditions fall within an envelope of ±5% of maximum flow 
rate (200 cc/min) , thus meeting specified accuracy. In the range of 
50-200 cc/min, the points also fall withi)": a tighter band of ±5% of 
reading. As described in section 3, the flow rate is reduced as the 
resistance of the charcoal tube increases. However, this is only signif­
icant for a single plotted point, under a condition of high resistance 
and at a :flow rate of 230 cc/min, which is outside of the specified 
flow range: a."ld even this point is almost within limits. It is con­
cluded, therefore, that the P'llll1l? lllaintains a linear calibration with 
t.'le specified accuracy of ±5% when used with a normal charcoal tube. 

Figure 9 is a plot of air flow rate versus motor terminal voltage. The 
linearity of the calibration for all resistances over the required flow 
range is evident. This is due to the linearity of the speed-voltage 
characterii:.tic of the drive motor, which is almost entirely determined 
by t.'le back EMF of the motor, the IR drop being very small. The speed­
voltage calibration is shown in Figure 10. 

Figures ll, 12 and 13 are similar plots of the first prototype pump 
BlOdel, when operated with a motor voltage regulator and a representative 
charcoal tube. All of the characteristics are seen to be very linear 
when a charcoal tube of normal resistance is used. Stable flow rates 
:have been achieved to as low as 25 cc/min, but because of the very low 
drive speeds, operation is not recommended below 50 cc/min. The 
differences between the first and second prototypes are very minor, and 
they do not affect performance characteristics. The test results show 
that the prototype personal sampler pump when operated with normal 
charcoal tubes exceeds contract requirements by providing an accurate 
flow indication over an extended range of 50-200 cc/min. 

Figures 14, 15, and 16 show plots of flow rate vs drive speed, flow rate 
vs motor voltage, and 1110tor voltage vs drive speed for the test pump 
described in Section 3. The design values used provided a ratio of flow 
rate to drive speed of approximately .87, so that every unit indicated 
or. the counter was equivalent to a total air flow of .87 cc. No motor 
voltage regulator was used; and at low speeds the rotation was uneven, 
and occasional Q,ifficulty in starting was experienced. The lo'lfest 
stable flow ra~ was approximately 80 cc/min. No naii resiStance was 
connected to the inlet so that the flow characteristic of the basic 
PUll\P could be determined. Flow rates of over 400 c:c/minwere achieved• 
The linearity of the flaw charact.rl.stic .. .is very marked• 
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