
Tobacco, cannabis, heat-not-burn, e-cigarettes, water pipes

   ISO 3308, 20768, Health Canada, custom regimes

            Generate aerosol for a range of analytical techniques

              Capture aerosol & volatiles on filter pad & cold trap

        Reproduce real world topographies

          Unlimited puff volume and duration

             Actuator option for e-cigarettes

              Lung simulator option

Applications: 

Environmental effects

Device repeatability & reproducibility

E-cigarette battery effects

Volunteer-recorded regimes

Mainstream aerosol

Sidestream aerosol

Ambient aerosol

SCS
Smoking / Vaping Machine



SCS Smoking / Vaping Machine
Introduction
Offering unrivalled flexibility and compatibility with a wide range of products and analytical techniques, 

Cambustion's SCS has been adopted worldwide for research and development of combustible, heat-not-burn 

and e-cigarettes since 2006.

Conventional Machines
The linear piston drives used in many smoking and vaping machines place limits on total puff volume, repeat 

frequency and mean that the aerosol is only available after a non-negligible aging period in the syringe chamber. 

Reproducible profiles are somewhat limited by the capabilities of the drive system.

The SCS Advantage
The SCS drives flow through the cigarette using 

pressure control, with real-time feedback and 

control of the cigarette flow. Standard regimes such 

as ISO 3308, 20768 and Health Canada can be  

reproduced, while users can specify their own regimes 

including using real-world topography.

Constant Volume Sampling mode

For combustible tobacco smoke measurements where the aerosol is very high concentration and non-volatile, 

the SCS may be operated in a Constant Volume Sampling (CVS) mode, which applies dilution in the Puff 

Head. This reduces coalescence effects, enabling accurate measurements of particle size distributions, while 

avoiding saturating downstream instruments. CVS allows real-time calculation of mass per second with online 

measurement techniques, and real-time integration for total mass, even with real-world smoking profiles when 

the cigarette flow rate changes rapidly.

There are no limits to puff duration or total volume and thousands of puff repeats can be made without the need 

for cleaning.
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Puff Inhalation Exhalation mode

For volatile aerosol such as cannabis or electronic cigarette aerosol, dilution of the aerosol leads to evaporation 

on a sub-second timescale. In the Puff Inhalation Exhalation (PIE) configuration, the SCS may be operated with 

a lung bag. Undiluted aerosol generated according to the regime is inhaled through the Puff Head from the 

device, and fed into a flexible lung bag. Aerosol may be exhaled from the lung bag via the Breath Head into 

the measurement device.

Alternatively, the PIE SCS can dilute sampled aerosol by an inhalation of air through the Breath Head, allowing 

dilution in the lung bag, before exhaling the diluted aerosol through the Breath Head for analysis, more 

accurately replicating human smoking of combustibles.

The lung bag may be bypassed to allow unlimited puff volume if required. Options to heat and humidify the 

lung bag are available.

E-cigarette Button Pusher 

An option is available for repeatable and programmable actuation of manually triggered e-cigarettes.

Analytical Techniques

SCS generated aerosol may be sent to a range of online analytical devices, including fast particle sizers such 

as Cambustion's DMS500, Gas Chromatographs (GC) from a range of manufacturers, Malvern Spraytec and 

more.

Sample Collection
Samples may be extracted using gas syringes for injection into a wide range of measurement instruments. 

Δp

Variable valve

Δp

P

Δp

Blower

Vac Pump

Main Control Unit
HEPA

Puff Head

Breath Head
Thermocouple
Orifice flowmeter

Lung bag Pinch valve

SCS Smoking / Vaping Machine

Puff Inhalation Exhalation Configuration



An optional stainless steel filter holder allows material 

to be collected onto a filter pad, for mass or chemical 

analysis.  A cold trap may be connected inline, to allow 

sampling of both volatile and aerosol components.

Comprehensive Data Collection
The SCS records operating parameters, allowing 

instant access to information such as flow rate, 

resistance to draw and actual puff volumes. Every 

event is recorded in full detail by default, for easy 

traceability even months afterwards.

Accurate Flow and Volume
The SCS uses orifice ∆P measurement flow meters 

to measure the true flow delivered, and an internal 

reference flowmeter is used to calibrate the orifice flow 

meters. Users can easily connect external reference 

flow meters for validation and traceability.

Low Maintenance
Syringe free design reduces maintenance requirements 

compared with conventional machines. All parts 

exposed to aerosol are user cleanable, with long 

intervals between maintenance.

Easy to move
The SCS components easily fit on a small trolley, 

allowing them to be moved between different areas 

of the laboratory.

Low Temperature Testing
The SCS sampling head supports sub 0°C testing for 

e-cigarette development.

SCS Specifications:

Parameter Specification

Maximum puff flow rate 200 cc/s

Maximum puff duration Unlimited

Maximum puff volume Unlimited

Puff repeats Unlimited

Puff frequency Infinitely variable

Vaping angle/orientation Unrestricted

Error in puff volume <5  %

Power supply
(market specific)

100, 110 or 220 V AC, 
50/60 Hz

Power consumption
(including PC)

300 W

System total weight 
(excluding PC)

Typically 17 Kg

Smoking / vaping profiles ISO 3308, ISO 20768
Health Canada, Custom

Profile following Maximum 25 Hz

Sampling head
temperature

Optionally controllable, 
maximum 50 ° C

Data logging Routine data logging of flow 
rate, resistance to draw and 
operational parameters

Compatible products Combustible cigarettes, 
electronic cigarettes, water pipes

Number of channels 1 (single cigarette or product)

Product size standard 5 – 10 mm diameter
(1/8th BSP thread allows 
connection of other devices)

Combustible product 
ignition

Manual, by user. (Countdown 
displayed on screen)

e-cigarette trigger Optional button pusher 
accessory

SCS Smoking / Vaping Machine
Software

Intuitive Windows software allows even inexperienced 

users to specify profiles, run smoking/vaping routines 

and check SCS calibration. 
Filter Holder

Cold Trap



CAMBUSTION DMS50 Fast Particulate Size Spectrometer

Nucleation mode burst 
produced by transient 
lift-off in real world 
driving: measured by 
DMS50 in the plume of 
the vehicle.

Particle Size and Mass Measurement
With DMS500

Cambustion’s DMS500 particle sizer offers 10 Hz 

particle size/number distributions between 5 and 

2,500  nm. The T 10-90% response time of 200  ms 

allows measurements within a single puff, as well as 

identifying puff to puff variability.

The DMS500 can output real-time particle mass rate 

(mg/s), together with integrated mass (mg) across a 

series of puffs.

This makes the combination of SCS and DMS500 

ideally suited to studying a wide range of products.

The graph above shows changes in the average 

spectra from successive 2 second puffs during the 

ISO profile. Increases in concentration with each puff 

are notable, as is the evolution of the aerosol size.

Operating the SCS in Constant Volume Sampling 

mode allows calculation of real-time mass emissions 

rates (mg/s) from the size distributions, and integration 

to give total mass, allowing unprecedented insights 

into product behaviour.

The DMS500's rapid time response allows 

identification of sub-second transients, for example 

lighting transients in the case of a water pipe, as 

illustrated in the graph below.

Electronic cigarettes can produce a more complex 

aerosol, due to the highly volatile nature and range 

of boiling points involved. The graph below shows 

size distributions from a single two second puff on an 

e-cigarette.

At the start of the puff very small particles (<50 nm) 

dominate. As the puff continues, a larger mode 

of ~300 nm appears, and dominates both mass 

and number. The different size distributions may 

be understood in terms of different volatility of 

carrier (PG/VG) and flavourings. When volatile 

components  recondense, in the absence of other 

particles homogeneous nucleation occurs, leading 

to the very small particles. Once the device has 

warmed up further less volatile components (PG/VG) 

also condense, and the more volatile compounds 

undergo heterogeneous nucleation.

DMS Fast Particle Sizer for SCS
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DMS Fast Particle Sizer for SCS

All specifications subject to change without notice.

Cambustion SCS and DMS500 products are available for 
both rental and purchase. 

For more information or to discuss a specific application, 
please contact:

sales@cambustion.com  tel:  +44 1223 210250
www.cambustion.com/scs fax:  +44 1223 210190 
N. America                      tel:       +1     (800) 416 9304

ISO 9001:2015 cert.# FS 73100

Cambustion Ltd,
J6 The Paddocks,
347 Cherry Hinton Road,
Cambridge CB1 8DH
United Kingdom 

NOV 2018

DMS500 Specifications:

Size range 5 nm - 1,000 nm
(option) 5 nm - 2,500 nm

Data rate Max 10 Hz

Time Response T10-90% 200 ms

Spectral elements 16/decade

Power supply 100-115 or 220-240 VAC
1500W

Main unit weight 80 kg

External Pump Weight 44 kg

Calibration NIST traceable for size & number

Within a single puff of a tobacco cigarette, the 

temperature of the combustion zone and of the 

tobacco rod is increasingly rapidly during the puff. 

This leads to increasing size of particles as the puff 

progresses, a process which conventional smoking 

machines and particle size instruments can not 

resolve. This process is easily visualised using a 

contour plot.
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