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Caution 

�

C a u t i o n �
 Caution  means be careful . It means if you do not follow the procedures 
prescribed in this manual you may do something that might result in 
equipment damage. It also indicates that important information about the 
operation and maintenance of this instrument is included.�

�
�

Warning 

�

W A R N I N G  
 Warning  means that unsafe use of the instrument could result in serious 
injury to you or cause irrevocable damage to the instrument. Follow the 
procedures prescribed in this manual to use the instrument safely.�

�
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Caution or Warning Symbols 
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Warns you that uninsulated voltage within the 
instrument may have sufficient magnitude to cause 
electric shock. Therefore, it is dangerous to make 
contact with any part inside the instrument. 

�

Warns of hazardous laser radiation if the optical 
assembly is opened and the instrument is 
powered. The optical assembly is not user 
serviceable. 

�

Indicates the connection is connected to earth 
ground and cabinet ground. 
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This is a research grade instrument. 

 

 

Please read the entire instruction manual 
before operating. 

 
 

Annual service and calibration is recommended. 
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Figure 1-1 
Model 3786 Ultrafine Water-based Condensation Particle Counter (UWCPC)  
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1-4 Model 3786 Ultrafine Water-based Condensation Particle Counter 

�� �

Figure 1-2 
UWCPC Flow Diagram 
�
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C H A P T E R  2  

Unpa ck ing  and  Se t t ing  
Up  the  UWCPC 
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P a c k i n g  L i s t  
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Table 2-1 
Components of the Ultrafine Water-based Condensation Particle Counter 

Qty Description Part Number 

1 Ultrafine Water-based Condensation Particle Counter  3786 or  
 

1 Model 3786 Accessory Kit with the following parts:  

 1 UWCPC Wick* 1608070 

 1 Model 3786 UWCPC Operation and Service 
Manual 

1930072 

 1 Serial Cable, RS-232 (9-pin, M/F) 962002 

 1 USB Cable, I/O, A/B 1303740 

 1 Fill Bottle Assembly 1210365 

 1 Drain Bottle Assembly 1210366 

 2 Drain/Vent Tubes with Mating Connectors N/A 

 1 Power Cord N/A 
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2-2 Model 3786 Ultrafine Water-based Condensation Particle Counter 

Table 2-2 
Replacement Parts for the Ultrafine Water-based Condensation Particle Counter 

Qty Description Part Number 

1� Maintenance Kit for 3786 WCPC� 1031519 
� 2 3782/5/6 Total and purge flow filter� 1180001 
� 2 3782/5/6 purge orifice� 1180002 
� 2 3786 Sheath damper orifice� 1186001 
� 1 3782/6 Total flow damper orifice� 1186002 
� 2 3786 Sheath upstream filter� 1186003 
� 4 Inline Air Filter, 3782/5/6� 1600001 
� 2 Inline Air Filter, 3786 sheath� 1600003 
� 2 sets of reservoir O-rings� N/A 
� Tubing, 1/8 ID Tygon R-3603� N/A 
1� Inlet Cyclone for 378X WCPCs� 1031558 
1� Wick for Model 3782/5/6 (box of 10)� 4029003 
1� Fill/Drain Bottles Model 3782/5/6� 1031520 
1� Large 4L Fill and Drain Bottles for 3781/2/5/6� 1500233 

�
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Unpacking and Setting Up the UWCPC  2-3 

Important �

� his instrument operates using water as a working fluid. The instrument 
can tolerate tipping of up to ten degrees during normal operation. Perform 
the procedures outlined in the “Transporting” section before moving or 
shipping the instrument. Examples of improper handling include: 

·  Shipping an “undried” instrument. 

·  Transporting an “undrained” instrument. 

·  Excessive tipping (beyond ten degrees) of an “undrained” instrument. 

·  Subjecting an “undried” instrument to freezing temperatures. 

Any of the above actions can result in the flooding of the optical system, 
performance degradation, and possible damage to the instrument. Such 
neglect is not covered under the manufacturer’s warranty.  
�
�
�
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2-4 

�

Figure 2-1 
Location of UWCPC Wick on Sample Inlet 
Assembly 
� �

Figure 2-2 
Installation of UWCPC Wick on Sample Inlet 
Assembly 
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Figure 2-3 
Fill Bottle Connection 
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Local Transporting 
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Figure 2-4 
Drain Bottle Connection 
�
�

Shipping and Storage 
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Dry Out Procedure 

 

C a u t i o n  

The wick must be removed during the dry out procedure to prevent 
damage to the wick. Refer to step 7 in the following procedure. 
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Unpacking and Setting Up the UWCPC  2-9 
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Figure 2-5 
Tipping the UWCPC During Drain Cycle for More Complete Drain of the Reservoir 
�
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2-10 Model 3786 Ultrafine Water-based Condensation Particle Counter 

�

Figure 2-6 
Location and Removal of the Reservoir Cover 
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C a u t i o n  

Do not turn the UWCPC upside down. Flooding of the optical system 
could result if the unit is inverted with water present in the system. 
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3-1 

C H A P T E R  3   

I ns t rume n t  Opera t i on   
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3-2 Model 3786 Ultrafine Water-based Condensation Particle Counter 
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Instrument Operation  3-3 
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3-4 Model 3786 Ultrafine Water-based Condensation Particle Counter 
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Instrument Operation  3-5 

Table 3-1  
Front Panel Indicator Conditions�

Indicator Particle Status Flow Liquid 

Off No particles� Instrument off� Pump off�

Drain reservoir 
full and water 
injections 
stopped 

Slow Flashing 
Particles 
detected�

Instrument not at 
operating 
temperatures�

Low flow rate� Drain reservoir 
full 

Fast Flashing 
Particles 
detected�

Laser off or not 
at required 
power�

High flow rate� Growth tube 
wick is dry 

On 

Particle 
concentration is 
over about 5.0 
#/cm3�

Normal 
operation�

Normal flow 
rate�

Normal 
operation 
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3-6 Model 3786 Ultrafine Water-based Condensation Particle Counter 

W a t e r  S ys t e m  
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Instrument Operation  3-7 
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3-8 Model 3786 Ultrafine Water-based Condensation Particle Counter 

Recycle/Manual Drain Mode 
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Instrument Operation  3-9 

S a m p l e  I n l e t  C o n n e c t i o n  
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C H A P T E R  4  
Da ta  Co l l ec t i on  
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Table 4-1. Serial Connector Signal Connections 

 Pin Number Signal Direction  

 2 RXD INPUT TO UWCPC 

 3 TXD OUTPUT FROM UWCPC 

 5 GND — 
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4-2 Model 3786 Ultrafine Water-based Condensation Particle Counter 
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Figure 4-1 
UWCPC Data Communications Diagram 
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UWCPC Communications Diagram 



 

Data Collection 4-3 

U S B  D r i v e r  S o f t w a r e  
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W A R N I N G  
 High voltage is accessible in several locations within this instrument. 
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Figure 5-1 
Location of Sheath and Purge Flow Lines 
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Flow Calibration 
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5-4 Model 3786 Ultrafine Water-based Condensation Particle Counter 
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Figure 5-2 
Removing Tube Connected to Total Flow Orifice Exit Fitting 
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Figure 5-3 
Removing Tube Connected to Orifice Downstream Pressure Tap  
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Figure 5-4 
Removing Tube from Upstream Pressure Tap at the T-Fitting  
�
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Figure 5-5 
Disconnect Tubing from Total Flow Orifice Upstream Filter  
�
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Figure 5-6 
Pulsing Air into the Orifice Downstream Fitting  
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Sheath Flow Control Orifice 
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Figure 5-7 
Removing Tube Connected to Sheath Orifice Exit Fitting 
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Figure 5-8 
Removing Tube Connected to Orifice Downstream Pressure Tap  
�
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Figure 5-9 
Disconnect Tubing from Sheath Orifice Upstream Filter  
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Figure 5-10 
Removing the Tubing from the Upstream Fitting on the Engine Body  
�

-& ��
���
��	
�����$����������
����
6�"���������
"���� ������������ �


��"�����
	��	
���������	�	������
����
6��	��	
�,� -�����
�����
"�����������
	����
�	
�������	
��������	��	
������
 �������
������
�����	
��
��
��	������
����������������,�3��"���	�� �%�����

�
	��



 

Maintenance 5-9 

���������
��
����������������
���

�
	���	������
�� 
������
���
����
6���	�	����	��	
�,�

�

�

Figure 5-11 
Pulsing Air into the Orifice Downstream Fitting  
�
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6-2 Model 3786 Ultrafine Water-based Condensation Particle Counter 
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6-4 Model 3786 Ultrafine Water-based Condensation Particle Counter 
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Figure 6-1  
Orifice and Sheath Inlet Screen Filter Location 
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Figure 6-2  
Pressure Transducer Location 
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Figure 6-3 
Water Separator Connections  
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Figure 6-4 
Pulsing Air into Optics Exit Tube 
 

 

Figure 6-5 
Detector Board Cable Connection 
�

Pulsing air 
into optics  
exit tube 

Check  
fittings for 

debris 

Detector board  
cable connection 



 

Troubleshooting and Service 6-11 

T e c h n i c a l  C o n t a c t s  

·  3�������
$���	��	����������	
���"�����"��
�	
������ �����������
�����%����	�������
$������
	�
�����
""�	�
�	�
�>��� �	�
�%�
��
�
���

�
""�	�
�	�
���
�	
����
��(��**���4�+�((� ��#- ����
**(���/( ���4�+�((,�

·  3�����������������
����"��
���"��"����%����	������
 ��������
	
��
�����������������$	��%���
�
����#3�
�;�

�#3�3
���"��
����
/**��
��	�

�1�
��
#����$	��%��'�//(+���#-�
���
�;��(��**���4�+�((���#- ����**(���/( �4)*�+�((�
@�6
	�;�� ����
	�
�,���$	��5��	,��6 ��
����	��;�� ���";&&���$	��,��	,��6 ��

�
�
�

R e t u r n i n g  t h e  U W C P C  f o r  S e r v i c e  

0�����������
	
����������������#3��������$	��%��
�� ��#3�
��(��**�
��4�+�((���#- ����**(���/( �4)*�+�((������"��	�	��� ����
�
	
������	�
�,�!�������

��	������������
��	
��1�-�� ��6�
��
���";&&�6
,��	,��6 ,������6���#��$	����	���
��������������	
��
	
���6
�	�
����
������
���������������
��	
�����6;�

·  ����	
����6�
��6�����
�6����

·  ����	
����6�
�����	
��
�6����

·  -�"����
���������
�6������
������
�����
��

�� �

·  -��	��	
��
�������

·  -���	""	
��
�������
�
����������	�	

��"
�8	
��6
���	
����������
�����	
� ���6�
������#3,�3��
����
����
�����
$��������	�	

��"
�8	
��6
���	
�%�� �
������

��"�����
���"��$�
������	�����6��
���	
������	
����6�
��

�� �
�������
������
	
�	�
�����	�����

��������

��������
�����	
����6� 
�����
��

��
�
�8�"

����
���"������������
���	""	
�,�3�������
$ ��

����
���
��
���
��	
����	""	
������	
����6�
�%���
�
����#3����� 
��	��

��,�
�





�

A-1 

A P P E N D I X  A  
Spec i f i c a t ion s  
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Particle Size Range 

Minimum detectable particle (D50) 

Maximum detectable particle�

 

2.5 nm (wettable aerosols) 

>3 micrometers 

Particle Concentration 

Single particle counting (live-time corrected)�

 

0 to 1 ´ 105 particles/cm3 

Particle Concentration Accuracy  
�

±12% at <105 particles/cm3 (does not include 
error due to counting statistics) 

False Background Counts � <0.001 particle/cm3 one-hour average 

Response Time � <2 seconds for 95% response to concentration 
step change 

Aerosol Medium � Use with air only 10°C to 35°C 

Light Source � 3 mw 655 nm laser diode 

Flow 

Aerosol flow rate 

Sheath flow rate 

Inlet flow rate 

Flow control 
 
 

Flow source 

Absolute Pressure Operating Range  

Inlet Pressure (Gauge)�

 

0.3 L/min (nominal) 

0.3 ± 0.03 L/min 

0.6 ± 0.03 L/min 

Two internal pumps controlled to calibrated 
pressure drop across orifice with inlet pressure 
correction. 

Two internal diaphragm pumps 

50 to 110 kPa (0.5 to 1.1 atm) 

±2.5 kPa (±10 in. of water) 

Condensing Liquid 

Filling system�

Water (distilled water recommended) 

Internal liquid injection valve, with water recycling 
capability. Source water container located 
externally. 

Optional Auxiliary Single-Board-Computer 
(SBC)�

An internally mounted PC/104 SBC provides 
externally available Serial and Ethernet ports and 
internal serial connection to UWCPC. The SBC is 
provided with Linux OS, Web server, FTP and 
Telnet services. 

Communications � UWCPC control and data can be accessed 
digitally directly using USB or Serial interfaces. 
Serial and Ethernet interfaces are available to the 
internal SBC which has an internal serial 
interface to the UWCPC. 
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Analog Output � 0–10 volt controlled via communications from 
serial interface with optional concentration output 
feature.* 

Front Panel 

Display 
 
 
 

LED Indicators 

Buttons�

 

140 ´  32 pixel VF Display provides output of 
particle concentration, bar graph history of 
particle concentration, particle totalizer, aerosol 
flow rate, and operating parameters. 

Particle, Status, Flow and Liquid 

Display, Totalizer, Pump, Drain/Prime 

Back Panel Connections � PC/104 - Ethernet Connector, PC/104 – Com1 
Connector, USB connector, Com Port connector, 
Power Connector, Water Source connector, Vent 
connector (normally closed), Water Drain 
connector, Pump Exhaust connector, Aerosol 
Inlet (¼” OD SS tube), Analog Output BNC 

Calibration Interval � Recommended Annually 

Power requirements � 100–230 VAC 50/60 Hz 
125 VA 

Dimensions (HWD) 
�

31 cm ´  16 cm ´  28 cm  
(12 in. ´  6 in. ´  11 in.), not including fill bottle or 
bracket 

Weight (dry) � 5.5 kg (12 lbs.) 

Environmental Conditions � Indoor use. 
Altitude: Up to 3000 m (10,000 ft). 
Ambient Temperature: 10° to 35°C 
Ambient Humidity: 0 to 90% RH (non-
condensing). 
Over-voltage Category II. 
Pollution Degree II. 
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A P P E N D I X  B  
PC/104 * S ing le  Boa rd  
Compute r  Op t io n  
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A P P E N D I X  C  
F i rmw are  Commands  
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C o m m a n d s — Q u i c k  R e f e r e n c e  
RD Read Display concentration 
RL  Read Laser 
RRA Read Record raw Analog 
RRC Read Record Control 
RRD Read Record Data 
RRS Read Record Status 
RTO Read Time On 
RV Read Version 

SAS Set Absolute pressure Scale factor 
SD Set Dryer on/off 
SDC Set Dead-time Correction value 
SDM Set Drain Mode 
SDO Set Detector Offset 
SDT Set Detector Threshold 
SFS Set Flow Set point 
SFZ Set Flow Zero value 
SG Set Growth heater on/off 
SGS Set Growth tube temperature Set point  
SHS Set sHeath flow Set point 
SIP  Set Injection Prime 
SIT Set Injection Time interval 
SL Set Laser on/off 
SLM Set Live-time Minimum value 
SLS Set Laser Set point 
SM,x,t Set Mode x=mode t=sample time 
SO Set Optics heater on/off 
SOS Set Optics temperature Set point 
SP Set Pump on/off 
SS Set Saturator temperature controller on/off 
SSS Set Saturator temperature Set point 
ST Set Trap Sensor  
SV Set analog Voltage output 
SVS Set analog Voltage Span value 
SVZ Set analog Voltage Zero value 
SZ Set auto Zero function 
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R e a d  C o m m a n d s  

RD Read Display Concentration 
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 Command: RD 
 Response: c  c = One-second display concentration value 
 Example: RD Read Display Concentration 
    6.34E4  Concentration value in paricles/cm3 

 
RL Read Laser 
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 Command: RL 
 Response: p,c  p = laser power in percent (0 to 150)  
    c  = laser current in milliamps (0 to 300) 
 Example: RL Read Laser command 
   97,45  Laser Power at 97% , laser current at 45 milliamps 

 
RRA Read Record Analog 
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� Command: RRA 
 Response: (A Record - see Data Reporting Records section in this Appendix) 
 
RRC Read Record Control�
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� Command: RRC 
 Response: (C Record - see Data Reporting Records section in this Appendix) 

RRD Read Record Data�
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 Response: (D Record - see Data Reporting Records section in this Appendix) 
 
RRS Read Record Status�
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 Response: (S Record - see Data Reporting Records section in this Appendix) 
 



 

Firmware Commands C-3 

RTO Read Time On�
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 Command: RTO  Read on-time command 
 Response: hhhh:mm hhhh number of on-time hours 
    mm number of on-time minutes 
 Example: RTO Read power on time  
 Response: 456:40  456 hours and 40 minutes 
 
RV Read Version�
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 Command: RV  Read Version command 
 Response: Model 3876 Ver v.vv S/N nnnn 
    v.vv ranges 0.01 to 9.99 (3 digits) 
    nnnn ranges 100 to 99999999 
 Example: RV Read Version  
 Response: Model 3876 Ver 2.01 S/N 12453348 
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S e t  C o m m a n d s  
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C a u t i o n �
 The use of Set commands other than the SM can adversely affect the 
calibration of the instrument, and possible damage. Use extreme care 
when executing Set commands. 

�
SAS Set Absolute Pressure Scale Factor�
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 Command: SAS,x  Set Absolute pressure sensor scale factor (500 to 1500)  
 Response: OK 
 Example: SAS,1020  Command 
  OK Response 
  SAS Command 
  1020  Response - echoing current value of 40 millivolts 

 
SD Set Dryer�
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 Command: SD,x  Command to set dryer on or off 
   x = 0 turns dryer off, x = 1 turns dryer on   
 Response: OK Response 
 Example: SD,0  Command turns dryer off 
  OK Response 
  SD Command to read back the current setting 
  0 Response indicates dryer is off 

 



 

Firmware Commands C-5 

SDC Set Dead-time Correction�
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 Command: SDC,x  Command to set dead-time correction 
   x= 0 to 200 in units of percentage  
 Response: OK 
 Example: SDC,110  Command sets dead-time correction to 110% 
  OK Response 
  SDC Command 
  110 Response 

 
SDM Set Drain Mode�
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����������������$�	����
	
&������	
��6� ����������	
����6�
�,�������
���

/���
	
�6�������	���
��������	����
���������;�

����� C����	"�	�
�
*����(� �

�
��C�
	
I#���	
��������
	
�6�������(��	� ��	
	�	
���
���
	
������,�!
���

�����
��6	
����������	����6"�����������
	
�6�����	� ��
���6
�	�
�������
��	�������
�8��������"��$	��������	
�,�#���	
������ ��
	
�6�������*��	����

����


�������
����
	
������,�3
���	��6���%����������$�	 ���

������
	
������
�
	
	�	
��������������
��"

�����
	
������
��������	
 ��������
	
�6�������
�
�
�
=����$
���,�

+� 1�����������I#���	
��������
	
�6�������+�
������� ��������������������
����
���6����������$�	���
�8�	
�����������,����
�������� ��$�	��	������%�������
	
�
��
���	����������
��
���	���
����
��"

���	
�	�
�	� 
���
�����������$�	��	������,�3��
���������$�	����6
	
������������
������%�����	
���� 6�
���	����
���������
����


��
	�������"�6"���
	�	
���������������$�	�������� �6"�	��,�

�� 1������&-����C�
	
�����I#���	
��������
	
�6������ ���
������������������
���������
�������6����������$�	���
�8�	
����������� ,���	��6����	���	6	�
�����
6����+��:��"����
�����
����������$�	��	�����������
 ������%�
���
	
�������	��

���6
�	�
����	
	�	
���,�

4� -����C�
	
�����I#���	
��������
	
�6�������4��
��� ��������������

���6
�	�
����	
	�	
���
���
	
��������
���
�������� 
�	�	�
�	����
����	
�����
�����$�	�,�

/� ��
�	
�����C�
	
�����,�

� Command: SDM,n Command to set drain mode 
   n = mode ranging 0 to 5 
 Response: OK Response 
 Example: SDM,2 Command to set drain mode to Recycling 
  OK Response 
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SDO Set Detector Offset�
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 Command: SDO,xxxx  Set Detector Offset command 
   xxxx ranges 0 to 4095 (2048 is nominal)  
 Response: OK 
 Example: SDO,2200  Command 
  OK Response 
  SDO Command 
  2200  Response - echoing current offset control value of 2200 

SDT Set Detector Threshold�
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 Command: SDT,xxx  Set Detector Threshold command xxx ranges 0 to 120  
 Response: OK 
 Example: SDT,50  Command 
  OK Response 
  SDT Command 
  50 Response - echoing current value of 40 millivolts 

 
SFS Set Flow Set Point�
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 Command: SFS,xxxx  Command to set flow control set point 
   x = 0 to 4095   
 Response: OK  
 Example: SFS,2312  Command to set current flow control values 
  OK Response  
  SFS Command to read back the current settings 
  2312  Response provides set point 

 



 

Firmware Commands C-7 

SFZ Set Flow Zero�
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 Command: SFZ,xxx  Command to set flow zero set point 
   xxx = 1 to 350   
 Response: OK  
 Example: SFZ,164  Command to set current flow zero value 
  OK Response indicates acceptance 
  SFZ Command to read current flow zero value 
  164 Response  
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 Command: SG,x  Command to set growth tube heater on or off 
   x = 0 turns heater off, x = 1 turns heater on   
 Response: OK 
 Example: SG,0 Command turns heater off 
  OK Response 
  SG Command to read back the current setting 
  0 Response indicates heater is off 

 
SGS Set Growth Tube Temperature Set point �
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 Command: SGS,xxx  Command to set Growth Tube temperature set point 
   xxx = 0 to 800   
 Response: OK Response 
 Example: SGS,750  Command to set Growth Tube temperature to 75.0 deg. 
  OK Response 
  SGS Command to read back the current setting 
  750 Response indicates the set point value 
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SHS Set SHeath Flow Set Point �
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 Command: SHS,xxxx  Command to set flow control set point 
   x = 0 to 4095   
 Response: OK  
 Example: SHS,2990  Command to set current flow control values 
  OK Response  
  SHS Command to read back the current settings 
  2990  Response provides set point  
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 Command: SIP,xxx  Set Injection Prime command   xxx ranges 0 to 500   
 Response: OK 
 Example: SIP,50  Command initials 50 water injections 
  OK Response 
  SIP  Command cancels the injection sequence 
  OK Response 

 
SIT Set Injection Time �
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 Command: SIT,xxxx  Set Injection Time command 
   xxxx ranges 0 to 3600 seconds   
 Response: OK 
 Example: SIT,12  Command sets injection interval to 12 seconds 
  OK Response 
  SIT  Command to read back the current setting 
  12 Response 
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Firmware Commands C-9 
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 Command: SL,x  Command to set laser on or off 
   x = 0 turns laser off, x = 1 turns laser on   
 Response: OK 
 Example: SL,0  Command turns laser off 
  OK Response 
  SL Command to read back the current setting 
  0 Response indicates laser is off 

SLM Set Live-time Minimum �
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 Command: SLM,xxx  Command to set live-time minimum 
   xxx = 0 to 1001   
 Response: OK Response 
 Example: SLM,400  Command to set live-time minimum to 40% 
  OK Response 
  SLM Command to read back the current setting 
  400 Response 

SLS Set Laser Set Point�
� ��	����66
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W A R N I N G �
 Use of this command may damage or destroy the laser diode. 

 
 Command: SLS,x  Command to set laser control set point 
   x = 0 to 4095   
 Response: OK Response 
 Example: SLS,600  Command to set laser control value to 600  
  OK Response 
  SLS Command to read back the current laser drive setting 
  600,600 Response provides current reading and current set point 

 SLS,2000  Command to set laser control value to 2000 
 Value exceeds laser set point maximum 

  Response indicates value exceeds maximum allowed 
(maximum set point may not be 2000; it is instrument 
specific) 
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SM Set Mode�
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 Command: SM,n,ttt  Command to set data collection mode 
   n = mode ranging 0 - 4, 7,8 
   ttt = sample interval in tenths of a second (1 to 36000) 
 Response: OK Response 
 Examples: SM,2,60  Command to set data continuous data collection with a 
   six second sample time. D records reported at end of  
   each interval. 
  OK Response 
   (six seconds pass) 

 (D record reported - see D record in Data Reporting Records 
section in this Appendix) 

  SM Command to read back the current setting 
  2,60  Response mode 2 and a 6 second sample time. 
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Firmware Commands C-11 
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 Command: SM,n,ttt,Vmin,tau,tfp,tbp  
   Scanning command 
   N = mode 5,6 
   ttt = sample interval in seconds (1 to 600) 
   Vmin=starting voltage in microvolts 
   tau= scanning constant in milliseconds (100-1000000) 
   tfp= front porch dwell time in seconds (0-600) 
   tbp= back porch dwell time in seconds (0-600) 
 Response: OK  
 Examples: SM,5,60,10000,8686,3,1  
   Command to begin a scanning sample 

 OK Response 
 (Sixty Z records reported - see Z record in Data Reporting 

Records section in this Appendix) 
  SM Command to read back the current setting 
  5,60,10000,8686,3,1 
   Response (sent between Z records) 
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 Command: SO,x  Command to set optics tube heater on or off 
   x = 0 turns heater off, x = 1 turns heater on   
 Response: OK 
 Example: SO,0 Command turns heater off 
  OK Response 
  SO Command to read back the current setting 
  0 Response indicates heater is off 
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SOS Set Optics Temperature Set point �
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 Command: SOS,xxx  Command to set the optics temperature control set point 
   xxx = 0 to 800   
 Response: OK Response 
 Example: SOS,750  Command to set Growth Tube temperature to 75.0 deg. 
  OK Response 
  SOS Command to read back the current setting 
  750 Response indicates the set point value 
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 Command: SP,x  Command to set pump on or off 
   x = 0 turns pump off, x = 1 turns pump on   
 Response: OK 
 Example: SP,0  Command turns pump off 
  OK Response 
  SP Command to read back the current setting 
  0 Response indicates pump is off 
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 Command: SS,x  Command to set saturator controller on or off 
   x = 0 turns controller, x = 1 turns controller on   
 Response: OK 
 Example: SS,0  Command turns controller off 
  OK Response 
  SS Command to read back the current setting 
  0 Response indicates controller is off 

 
SSS Set Saturator Temperature Set Point �
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 Command: SSS,xxx  Command to set saturator temperature control set point 
   xxx = 0 to 800   
 Response: OK Response 
 Example: SSS,120  Response 
  SSS Command to read back the current setting 
  120 Response indicates the set point value 



 

Firmware Commands C-13 

 
ST Set Trap Sensor 
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 Command: ST,x  Command to turn trap sensor operation on and off 
   x = 1 turns trap sensor operation on 
   x = 0 turns trap sensor operation off 
 Response: OK 
 Example: ST,1  Command to turn on trap sensor operation 
  OK Response 
  ST Command to read current settings 
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SV Set Analog Output Voltage�
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 Command: SV,xxx  Command to set analog output voltage 
   xxx  = 0 to 10000 (mv)   
   xxx  = 10001 – 50000 sets the analog output to  

  “Concentration Output” mode  
 Response: OK Response 
 Examples: SV,2000  Command to set analog output voltage to 2.0 volts 
  OK Response 
  SV,10001  Command to place WCPC in “Concentration Output” Mode 
  OK Response  
  SV  Command to read back the current setting 
  CONCENTRATION 
  OUTPUT Response 

SVS Set Analog Voltage Span�
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 Command: SVS,xxx  Command to set analog voltage span value 
   xxx = 1 to 65535   
 Response: OK Response 
 Example: SVS,3276  Command to set analog voltage span to 3276 
  OK Response 
  SVS Command to read back the current setting 
  3276  Response 
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SVZ Set Analog Voltage Zero�
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 Command: SVZ,hhh,lll  Command to set high and low analog output zero level 
   hhh = 0 to 4095   
   lll  = 0 to 4095   
 Response: OK Response 
 Example: SVZ,200,300  Command to set analog output zero values 
  OK Response 
  SVZ Command to read back the current settings 
  200,300  Response 
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W A R N I N G �
This command will affect the instrument’s calibration. 

 
 Command: SZ,1  Command to set execute an auto zero function 
 Response: c,d,l,h  Response 
   c = change in offset (±bits) 
   d = current detector offset (bits) 
   l =  dead-time zero value (bits) 
   h = dead-time span value (bits) 
 Example: SZ,1  Command to run auto zero function 
  100,2900,23,3370  
   Response 
  SZ Command to read back the current values 
  0,2900,23,3370  

   Response 
 



 

Firmware Commands C-15 

D a t a  R e p o r t i n g  R e c o r d s �

D Record (data) �
D,Mode,Flags,CN,ST,LT,CNT,PM,RP 

D Record Identifier 
Mode Current Operating mode 
Flags Status Flags  

Weighting  Description 
 1 Live-time was less than minimum set by SLM command for at least a 

portion of the sample 
 2 Overflow of data in one of the data record fields 
 4 The flow was out of range for some portion of the sample 
 8 Absolute pressure out of range for some portion of the sample 
 10   Reserved 
 20 A drain cycle was in process during the sample or the reservoir was 

detected full 
 40 Set if dry wick was detected during the sample 
 80 Set if reservoir full for ten minutes and water injection has stopped 
 100 Saturator, Growth Tube, or Optics temperatures were out of range 

during the sample. 
 200 The laser power was out of range for some portion of the sample. 
 400 UWCPC in warm-up period 
 1000 Set during front porch period of a scanning sample 
 2000 Set during the back porch period of a scanning sample 
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Example D Record: 
D,2,0,2.27e3,6.0,5.875,66784,0,308 
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C-16 Model 3786 Ultrafine Water-based Condensation Particle Counter 

S Record (status) �
S, FL, AP,GT,OT,CT 

S Status Record Identifier 
FL Aerosol flow rate in cm3/min 
AP Absolute Pressure in millibar 
ST Saturator Temperature in degrees Celsius 
GT Growth tube Temperature in degrees Celsius 
OT Optics Temperature in degrees Celsius 

 
Example S Record: 

S,300,970,12.0,75.0,75.0 

 
 

Z Record (scanning data) �
Z,Mode,Flags,RN,N0,N1… ,N9 

Z Record Identifier 
Mode Current Operating mode (5 or 6) 
Flags See status flags 
RN Record number - (1 to 600) 
Nx Equivalent number of particles counted in tenth second (0 to 99999999) based on live-

corrected counts or the photometric value. 
Example Z record: 

Z,5,0,12,0,0,0,12,182,518,641,896,887,871 

 
 

A Record (raw analog -- diagnostic only) �
A,a,b,c,d,e,f,g,h,i,j,k,l,m,n,o 

A Record Identifier 
a-o raw analog values (bits)  

 
Example A record: 

A,2382,3194,1,1108,4095,4095,2735,1284,518,641,896, 2278,821,819,1958 

 
C Record (flow and temperature control - diagnostic  only) �
C,a,b,c,d,e,f,g,h,i,j,k,l 

C Record Identifier 
a - l control bit values 

 
Example C record: 

C,2413,2422,2166,2276,2276,1468,821,820,2894,821,82 0,1011,2210,2222,2012 
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D-2 Model 3786 Ultrafine Water-based Condensation Particle Counter 

P e r f o r m a n c e  V e r i f i c a t i o n  

� Weekly  
 Zero check Place a low pressure drop HEPA filter on the 

inlet of the CPC and ensure that the particle 
concentration is less than 0.01 particles/cm3. 

 Monthly  
 Wick check  Inspect the wick for opaque spots. Replace 

wick if opaque spots or a greenish color is 
observed.  Note: some brown discoloration 
is normal, and does not indicate problems 
with the wick. 

 Flow check   Inlet flow —Measure the inlet flow rate using 
a low pressure drop volumetric flow meter 
(i.e., bubble flow meter or TSI flow meter 
which can display volumetric flow) and 
ensure that the inlet flow is 0.6 L/min ±5% 
(FYI: flow specification is ±10%). 
Sheath flow —Measure the sheath flow rate 
as noted in the flow measurement section of 
Chapter 5, “Flow Calibration” and ensure 
that the sheath flow is 0.3 L/min ±5%. 
Purge flow —Verify a change in the sheath 
flow rate when the purge line is pinched as 
noted in the flow measurement section of 
Chapter 5, “Flow Calibration”. 

 Semi-Annual  
 Replace wick See Chapter 5, “Replacing Wick”. 

 Replace internal filters  
 Annual  
 Annual repair and 

calibration at the factory.  
See Chapter 6, “Returning the UWCPC for 
Service”. 
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