
  ALLAN LBSC OUTSIDE ADMISSION   SPECIAL INSTRUCTIONS 
 
The valve stem slides vertically in the top of the rocker. 
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  ALLAN OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
The ALLAN gear in this program uses direct motion for the radius rod from 
the link to the valve stem (no rocker). The exp link, radius rod and the 
valve stem are on the main driver-cylinder center line. The valve is on 
the side of the cylinder.  
  Allan gear is also used with the valve on top of the cylinder. 
This form had the link, radius rod and valve at an enclined angle with 
its center line passing through the the main driver. The valve seat being 
parallel to and below the enclined angle center line. 
  To use this form in the program, one must use some Trig to convert the 
enclined angle to a horizontal zero angle. Several points must be rotated 
about the main driver. Rotate the two eccentric angles by the enclined 
angle. Rotate the valve and valve seats so the effective distance from 
the main driver to the center line of the exhaust port is equal to the 
distance to the cylinder center. The reverse and lifting arms pivot 
weight shaft must be rotated about the main driver. The connecting point 
of the reach rod to the reverse arm would also have some effect. This is 
the point that the program uses for Reverse, Center and Forward. The 
final positions of these points would be adjusted by the notches on the 
quadrent for the reverse 
lever in the cab. 
  If the weight shaft is placed above the exp link then the two lifting 
links are made negative. The vertical dimension for the weight shaft 
pivot becomes positve. 
  If the eccentric rods are crossed, then the two eccentrics are rotated 
for the proper angle. This exchanges the reverse-forward 
positions on the reverse arm. Other characteristics also change. 
  If the weight shaft is behind the exp link  then the two lifting arms 
and the radius rod short end are all negative. 
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  ASPINALL OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
The mid gear position is not automically computed but is manually 
adjusted in the Frame Dimensions. 
 
There is a maximum error of 0.003 between the link block and the 
expansion link near full gear. 
 
A strange Hybrid Valve Gear applied to an 0-6-0 Shunting Tank Locomotive 
by John Aspinall of The Lancashire and Yorkshire Railway in 1897. This 
gear shows greater lead at full gear than at mid gear, similar to 
Stephenson using crossed eccentric rods. 
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  BAGNALL-PRICE OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
  The common arrangement of the Bagnall-Price gear is with the reverse 
arm and its lifting arm pointing backwards and the radius rod up for 
forward. 
  If the lifting arm is pointing to forward, make the lifting arm 
negative. 
  If the radius rod is down for forward then make the eccentric angle  
more than 180 degrees. 
  Remember to recalculate the reverse arm center position if dimensions 
around the link and the reverse lever have been changed and the auto 
calculation was not activated. 
 
Information from "Engineering in Miniature" August to November 1988. 
"The Bagnall Valve Gears" by Ray Stephens CEng MIMechE. 
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  BAGULEY MODIFIED OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
Information from "Engineering in Miniature" August to November 1988. 
"The Bagnall Valve Gears" by Ray Stephens CEng MIMechE. 
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  BAKER INSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
The reverse Yoke is referred to as the reverse arm for compatable reasons 
with the other gears.  
 
This Baker gear has two positions for the combination lever, the normal 
position and a position used on the Erie Triplex. See setup. 
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  BAKER OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
The reverse Yoke is referred to as the reverse arm for compatable reasons 
with the other gears.  
 
The proper arrangement of the Baker assembly when using outside admission 
is to turn the assembly backwards. This program uses the Baker assembly 
facing forward.  
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  BAGULEY OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
  The common arrangement of the Baguley gear is with the reverse arm and 
its lifting arm pointing backwards and the radius rod up for forward. 
  If the lifting arm is pointing to forward, make the lifting arm 
negative. 
    Remember to recalculate the reverse arm center position if dimensions 
around the link and the reverse lever have been changed and the auto 
calculation was not activated. 
 
Information from "Engineering in Miniature" August to November 1988. 
"The Bagnall Valve Gears" by Ray Stephens CEng MIMechE. 
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  BLACKSTAFFE OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
This program was created from some schetches that the late Cliffe 
Blackstaffe had made of a small locomotive with a valve gear. About 1950. 
The eccentric and expansion link are inside the frame and the crank and 
combination lever are outside the frame. A rocker connects the two 
sections together. 
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  BREMME INSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
Blank Page 
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  BREMME/KLUG  OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
Blank Page 
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  BULLEID INSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
Blank page 
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  CAPROTTI     SPECIAL INSTRUCTIONS 
 
    SPECIAL CAPROTTI NOTES 
Sections of the graphics in graphic motion are moved for viewing 
on a two dimensional screen. 
There are small errors in the cam-roller contact. For simplicity 
several compromises have been taken. The cams have a linear rise 
and pointed corners. The roller moves in a horizontal motion not in 
an arc. The rollers of the open and close cams have a factor added 
to their position to compensate for their offset above and below 
the cam shaft center line bringing their tangent point in contact 
with the max or min cam radius. All cams have the same linear rise 
angle between max and min radius. 
The fulcrum pin position is set vertically by the vert length of 
the exhaust bellcrank (the vertical length of the steam bellcrank being 
equal) and horizontally by the average level of the 
exhaust cam and the exhaust roller. 
  The edge view of the cams shows the reversing crank from the side 
and the rollers from the top. 
  The reverse angle is the angle of the rear reverse crank to the 
horizontal. 
  There are two positions of the exhaust cam when the gear is at 
center position. One for forward and the other for reverse.  
  The graphs in this gear do not have the smooth shape of non cam 
valve gears. The cams create abrupt changes so interpolation does not 
work. The graph of port open/close points uses a higher sampling 
resolution to help smooth the graph. 
  The percent cutoff data on the main screen shows errors when the step 
angle is greater than one degree. 
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  CORLISS INGLIS SPENCER TRIP SPECIAL INSTRUCTIONS 
 
 
A Corliss engine is a stationary steam engine using four rotary valves, 
one at each end for steam and one at each end for exhaust. There are many 
variations for the valve driving linkage. The first form uses one 
eccentric, a wrist plate and four valve rods. The second form adds a 
governor controlled trip mechanism to the steam valves. The third form 
adds a second eccentric and wrist plate for the exhaust valves. The 
engine cannot be reversed. To make a one eccentric system, use the same 
dimensions for both eccentrics. The governor position is the dimension of 
the horizontal tip of the governor rocker, above the flywheel center 
line. In graphics motion the trip hook at pickup and release will vary 
due to steping of the flywheel. Use small flywheel steps to reduce the 
distortions. Closing of the steam valve is in one step and is not slowed 
by the dashpot. A two eccentric Corliss usually uses a spring dashpot 
instead of a vacuum dashpot. When the graphics motion has been stopped 
and changes are made the trip hook may release. Resetting will require 
moving the motion forward to reset the trip hook. The governor dimensions 
are fixed and cannot be changed. In graphics the percent CutOff is not 
displayed if the step angle is over 10 deg. 
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  CORLISS REYNOLDS TRIP SPECIAL INSTRUCTIONS 
 
 
A Corliss engine is a stationary steam engine using four rotary valves, 
one at each end for steam and one at each end for exhaust. There are many 
variations for the valve driving linkage. The first form uses one 
eccentric, a wrist plate and four valve rods. The second form adds a 
governor controlled trip mechanism to the steam valves. The third form 
adds a second eccentric and wrist plate for the exhaust valves. The 
engine cannot be reversed. To make a one eccentric system, use the same 
dimensions for both eccentrics. The governor position is the dimension of 
the horizontal tip of the governor rocker, above the flywheel center 
line. In graphics motion the trip hook at pickup and release will vary 
due to steping of the flywheel. Use small flywheel steps to reduce the 
distortions. Closing of the steam valve is in one step and is not slowed 
by the dashpot. A two eccentric Corliss usually uses a spring dashpot 
instead of a vacuum dashpot. When the graphics motion has been stopped 
and changes are made the trip hook may release. Resetting will require 
moving the motion forward to reset the trip hook. The governor dimensions 
are fixed and cannot be changed. In graphics the percent CutOff is not 
displayed if the step angle is over 10 deg. 
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  CRELLIN OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
See MODEL ENGINEERING 5 JULY 1991 
 

Special instructions page from Charles J. Dockstader’s “Steam Engine Valve Gear on the Computer” 
June 12, 2010 Version



  CRAMPTON OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
Since the valve does not move when the gear is at center, the lead 
calculation in the Sine and Oval diagrams has no meaning. 
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  DOUBLE ACTING Rotaty Vave SPECIAL INSTRUCTIONS 
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  DAKE   SPECIAL INSTRUCTIONS 
 
  The Dake is a sguare cylinder steam engine with two pistons. One piston 
inside the other. The outer piston moves horizontally inside the cylinder 
and the inner piston moves vertically inside the outer piston. The crank 
is driven from the center of the inner piston. Four steam ports are 
positioned on the inner piston around the crank pin. Four passages inside 
the inner piston extend out in four directions to direct the steam to the 
cylinder. A cover is placed on the side of the engine and over the inner 
piston ports. The cover has a center hole and a circular groove. Two 
passages inside the cover are connected to the center hole and circular 
groove to provide for steam in and exhaust out. Each port in the inner 
piston will have a circular motion on the cover and supply steam or 
exhaust as needed for its cylinder end at the proper time. 
  This engine has no variable cutoff and has four power strokes for each 
revolution. The engine is a slow speed engine with high torque. The 
engine is reversed by reversing the steam input and exhaust output. Due 
to the limits of the inner piston port design the power is favored in the 
clockwise direction design. 
 
  In this program the port shape for the inner piston is defined by eight 
points. As the port moves to open, the first point that opens is the 
point defining the time the port opens. All points that define open 
should be adjusted so they open at about the same time.  
  As the port moves to close, the last point that closes is the point 
defining the time the port closes. All points that define close should be 
adjusted so they close at about the same time. 
 
  The irregular shape on the Sine and Oval diagrams is due to the motion 
of the points that define the plot as the port moves across the center of 
the cover. 
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  DODDS  OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
Dodds uses wedges that are moved horizontally thru the cams,  
changing the thro of the cams. A common problem was the wedges jamming in 
the cams. 
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  EL GOBERNADOR OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
El Gobernador was a Central Pacific locomotive built in Sacramento 
California in 1883. A 4-10-0 having road number 237 and having an A J 
Stevens valve gear, 1882 patent. It was the largest locomotive in the 
world at that time. It was considered a failure, having a boiler too 
small to supply the steam to its large cylinders. It did do some work as 
a helper in the Tehachapi Moutains on the Southern Pacific RR.  
 
The third locomotive that I built was a 1/8 scale model of El Gobernador 
with reduced cylinder bore diameter. Built from 1973 to 1980.  
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  FINK OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
To make the reverse arm point down make it negative. The reverse arm 
pivot can be below the driver center, make it negative. Recalculate the 
reverse arm position to reset the radius rod for mid gear.  
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  FRANKLIN     SPECIAL INSTRUCTIONS 
 
  The Franklin valve gear was designed by the Franklin Railway Supply 
Company, Inc., and has US pat. 2,276,290 dated Mar 17 1942. The mechanism 
is in a gear box mounted behind or in front of the cylinders. The gear 
box may be mounted vertically. Its operating principal is similar to 
Walschaert with two links per side. One of the two is for intake and the 
other for exhaust. The radius rods being moved at slightly different 
rates and equal in position at full forward and full reverse gear. The 
gear box is driven from both crossheads, similar to Young gear. In 
Graphics Motion, sections of the graphics have been moved for viewing on 
a two dimensional screen. These sections can be superimposed from the 
main menu Setup. 
  There are small errors in the cam-roller contact. For simplicity 
several compromises have been taken. The cams have a linear rise and 
pointed corners. Both cams have the same linear rise angle between max-
min radius. The roller moves in a horizontal motion, not in an arc. The 
roller does not exactaly follow the cam rise. The fulcrum pin position is 
set vertically by the length of the intermediate lever and horizontally 
by the average level of the cam and the roller radius. 
  XY dimensions in the Gear Box are referenced to the yoke shaft. The 
dimensions of the gears in the gear box cannot be changed. The 
intermitent gear has 70 teeth with 33 intermitent teeth. By increasing 
the screw pitch or the screw end limit, non valid conditions of the 
intermitent gear can be obtained. 
  Centering of the radius rods with respect to the reverse crank 
must be adjusted manually. There is no calculated centering in the main 
menu Setup or on the toolbar. 
  The Franklin uses special gears including an intermitent sector gear. 
The gear ratios and the limits of the sector gear cannot be changed on 
this program. Therefore if scale is changed, all dimensions and the end 
limit of the screw is changed by the same scale change. The screw pitch 
is changed by the inverse of the scale change. Angles do not change. 
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  GOLSDORF OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
  If the Driving Link, Reversing Link and Bell Crank Horz are not equal 
 then lead increases at one end of the cylinder and decreases at the 
other 
end of the cylinder. 
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  GOOCH OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
Special Notes For Gooch Valve Gear.  
  If the link supporting the expansion link is to be anchored below the 
expansion link, make the support link negative and the vertical dimension 
of the anchor pivot negative.  
  If the reverse arm/lifting arm pivot (weight shaft) is to be below the 
expansion link, make the vertical dimension for the pivot negative.  
  If the reverse arm is to point down then make the reverse arm negative. 
  To change the crossing of the eccentric rods, change the eccentrics 
angle. 
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  GREENLY OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
Greenly is baised on the Joy gear. 
 
Mid gear is with the Reverse Arm vertical. 
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  GRESLEY INSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
  Gresley is a three cylinder engine using a Walschaert valve gear for 
both  
sides. The left side crank lags the right side crank by 120 degrees. The  
center cylinder is at a slant with its crank lagging the right crank by  
240 degrees plus the slant angle. The valves are in a horizontal plane  
with the center valve on the left side of its cylinder. The center valve  
is operated using conjugated levers connected to extensions from the 
right  
and left valves. 
  This program uses many common dimensions between the cylinders and 
valve  
gears, not allowing individual adjustment. 
  To obtain six exhaust beats for each revolution of the drivers, set the  
step angle to 3 degrees or less. The exhaust beat occures when the 
exhaust 
port is opened at the angle produced by the step angle. This timing can  
be late in degrees by the step angle plus any time added by Windows doing  
its maintenance. 
  Moving the fixed pivot of the 2 to 1 lever horizontally will radically 
change the timing of the center cylinder. 
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  HACKWORTH OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
Blank Page 
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  HAWTHORNS OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
See MODEL ENGINEER   Nov 1 1965 
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  HELMHOLTZ  OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
  Helmholtz has two setups for outside admission. The second setup has 
the  
radius rod above the link block. To setup this setup set the Eccent Crank  
Circle Dia negative, the Lift Arm negative and the Lift Link Lower 
negative. 
An example is data file Helm.dhz 
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  HEYWOOD OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
Mid gear centering sets the reverse arm (and link) vertical. 
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  JOY2 OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
Blank Page 
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  J M G  OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
K. N. Harris designs for steam locomotives a system, which embodies 
principles used in the Joy, Morton and Geenly arrangements hench the 
three initials which form its name. 
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  JOY1 INSIDE ADMISSION SPECIAL INSTRUCTIONS 
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  JOY1 OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
Blank Page 
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  JOY STRAIGHT LINK  SPECIAL INSTRUCTIONS 
 
This is a design from HENRY GREENLY,  published in The Model Engineer and 
Electrician, 
 June 12 1924. 
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  KITSON OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
 Blank 
 

Special instructions page from Charles J. Dockstader’s “Steam Engine Valve Gear on the Computer” 
June 12, 2010 Version



  KLOSE SPECIAL INSTRUCTIONS 
 
Klose built articulated narrow gauge locomotives in late 1800 and early 
1900. These locomotives used swivel axles and a lozenge linkage to adjust 
the effective side rod lengeths as the swivel axles moved to negotiate 
sharp curves. 
 
Only a few of the actual dimensions are known. The dimensions are in CM 
and were scaled from a small drawing. The actual system would have two 
closed loops that would bind the links and levers and would be adjusted 
so the binding would be less than the bearing clearances. The simulation 
leaves these two loops open so the calculations do not bind. 
 
Some assumptions were made with the valve gear and cylinder. No cylinder 
was shown. The valve is on the side of the cylinder. The expansion link 
is short and straight. The three pivots for the lifting link and 
eccentric rods are on the outer side of the expansion link. The link 
block, connected to the valve stem, is on the inner side of the expansion 
link. The link block slides in a vertical slot of the expansion link as 
the expansion link is moved vertically.   
 
The locomotive being narrow gauge, articulated and for sharp curves would 
not be for high speed. The valve gear will not give good results at full 
gear and mid gear. The valve gear would then be adjusted for best results 
at full gear forward and reverse, not mid gear. 
 
 
This program does not compute the mid gear position of the reverse arm 
and is adjusted by the length of the lifting link.. 
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  LENTZ VALVE FOUR CYLINDER COMPOUND SPECIAL INSTRUCTIONS 
 
This engine is a marine double compound expansion type using four 
cylinders, two high pressure and two low pressure. In fact, the engine 
consists of 2 steam engines mounted head-on to each other. The engine was 
used on tug boats in the Netherlands. The high pressure cylinders are 
operated 180 degrees from the low pressure cylinders. The front engine is 
90 degrees from the rear engine. The advantage of this construction is 
that (reverse rod on max) the engine will always start on one of the 2 HP 
cylinders in every position. No auxiliary steam will be necessary. The 
high pressure exhaust is passed directly to the low pressure steam.(no 
receiver) The valve gear is two Bremme type, one driving the rear engine 
and the other the front engine. Long vertical cam driving rods are used 
to drive the high pressure cylinder steam cams from the Bremme gear. 
Horizontal cam rods connected the high pressure steam cams to the high 
pressure exhaust cams / low pressure steam cams. Cross shafts connect the 
low pressure steam cams to the low pressure exhaust cams. These cams 
operate the top and bottom Lentz type double ported poppet valves. 
Two of these engines are still in use and in good shape on the two 
tugboats owned by the 'Haven Museum' in Rotterdam. With a piston stroke 
of one meter each tugboat produces 600 hp. Both tugboats have been 
modified from coal to oil burners. The last one in 2000. 
Fuel consumption: small burners   150 liters/hr (firing up and slow 
ahead) 
                  big burners   300 liters/hr  (full power) 
The tugboats were to be sent to Russia. During World War Two everything 
changed. After the war they were needed in the Netherlands, so they were 
kept in the Netherlands. 
    Jan Haring 
 
The Lentz valve is not shown, just a simple poppet valve. 
This engine being a marine engine would have its exhaust discharged into 
a condenser so there would be no exhaust sound.  
 
The engine has motion in three dimensional space. The program uses two 
dimensions of a plane. In order to place the program of the engine in two 
dimensions, the cranks, main rods, eccentrics, eccentric rods and the 
lower end of the long vertical cam rods have been rotated in space 90 
degrees to place them in the two dimensional plane. Also in order to 
maintain approximately 90 degrees between the rear engine top end of the 
long cam rod and the cam driving lever, the cam driving lever angle is 
below the horizontal of the cam, by the amount of the Eccentric Offset 
Angle. Due to the long length of the vertical cam rods, the errors 
created when changing from three dimensions to two dimensions are too 
small to consider.  
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  MARSHALL/HACKWORTH2  OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
Blank Page 
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  MILLING INSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
  The idea of the Milling Valve Gear was to use the Walschaert form but 
eliminate the sliding link block and replace it with pivots and levers. 
 
  J. C. Milling was a Danish mechanical engineer. He was on the Titanic 
and died of exposure. 
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  NORTHSTAR SPECIAL INSTRUCTIONS 
 
The centering of the reverse arm for mid gear moves the top end of the 
reverse arm horizontally so it is vertical. The actual mid gear centering 
must be adjusted manually with the the levers from the reverse arm since 
there are two mid gears that require centering.  
 
The quartering is not adjustable and is set at 90.0 degrees. 
 
Each expansion link foot is curved and bent towards the opposite side so 
they will clear each other. 
 
This gear has been referred to by the name "Scissors". 
Its origin is from Stevart, a Belgian Engineer. 
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  ROTARY CAM     SPECIAL INSTRUCTIONS 
 
The 'R-C' or Rotary Cam gear uses a rack of cams that is moved 
horizontally between cam rollers. The 'R-C' uses seven preset cam cutoff 
settings for forward and three preset cam cutoff settings for reverse. 
Separate cams are used for the steam and the exhaust valves. The cams are 
optimized for each cutoff setting. At mid gear the cams do not move the 
rollers and are set to hold the valves open. The rollers drive poppet 
valves. 
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  SINGLE ACTING ROTARY VALVE SPECIAL INSTRUCTIONS 
 
  One design of this gear uses a wide Valve Steam End Ang and Valve 
Exhaust End Ang that are opposite each other. The valve being a cylinder 
with two flats machined on the opposite sides. This makes a very simple 
valve design. The Cylinder Port is then two ports with a bridge between 
them. 
 
  To do a design, first set up the desired basic frame and cylinder 
dimensions and save them in a file. It is a good idea to save a series of 
files. Adjust the Eccentric Rod so the Valve Lever has about equal throw 
to either side.  
  In the Sine Dia adjust the Fwd and Rev Ecc so they cross at the Zero 
Degree Line. Adjust the ValveLever-SteamEdge Ang so the Steam Port Open 
line passes thru or below the crossing depending lead desired. Lead is 
listed at the right side of the Sine Dia.  
  In the Oval Dia note the cutoff point as the oval crosses the Steam 
Port Open line. If this is too high go back to the Sine Dia and move both 
ecc so the open peaks are closer together. Check the Oval Dia for cutoff. 
  To adjust for normal Lap, in the Sine Dia adjust the Valve Steam End 
Ang so the Exhaust Port Open line has 180 degrees between the two 
crossing points of the Fwd sine plot. 
  Try different lengths of the Eccentric Rod. This will change the slope 
of the sine plot. 
  Try different lengths of the Valve Lever. This will change the 
amplitude of the sine plot. 
 

Special instructions page from Charles J. Dockstader’s “Steam Engine Valve Gear on the Computer” 
June 12, 2010 Version



  SLIP ECCENTRIC SPECIAL INSTRUCTIONS 
 
This gear is a simple slip eccentric and is intended for the small scale 
locomotives of gauge G0 1.25 inches and G1 1.75 inches. It can model both 
with a rocker for valve on top of the cylinder and without rocker for 
valve on the side of the cylinder. 
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  SIMPLE OSCILLATING SPECIAL INSTRUCTIONS 
 
The oscillating engine has limited characteristics. Admission normally 
starts at 0% piston travel and cutoff at 100% piston travel. The design 
normally sets the port size in the cylinder equal the spacing between the 
steam port and the exhaust port on the mating frame. It then has no lead, 
lap, expansion or compression. The angle of oscillation of the cylinder 
should fully open the ports. The packing and bearing on the piston rod 
end of the cylinder must be long enough to suppport the side thrust of 
the piston rod on the cylinder. The steam diagram should have much slower 
rise times than shown because the round ports open slowly. Making the 
mating edges of the ports straight and all straight edges pointing to the 
cylinder pivot might improve its operation. 
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  SISSONS  OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
Blank Page 
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  SKINNER SPECIAL INSTRUCTIONS 
 
Patent 1,927,524   Sept. 19, 1933 
 
 
Adjusting the valves 
 
Set the cutoff slide bar to Up or maximum cutoff. 
Select a Cam Ramp Angle and adjust it. 
Stop motion by setting the Left Crank Angle to 0.0 degrees. 
Adjust the Left Admission Cam Calibration Angle so the left upper valve 
is at its opening point. 
Set the Left Crank Angle to 180.0 degrees. 
Adjust the Cam Maximum Radius Arc Angle so the left lower valve is at its 
opening point. 
Readjust the Left Admission Cam Calibration Angel for the desired lead. 
Adjust the Left Cutoff Cam Calibration Angel for maximum cutoff or 80 
percent. 
Set the cutoff slide bar to Dn or minimum cutoff. 
Adjust the Governor Controlled Cutoff Cam Angle to the desired minimum 
cutoff. 
The Governor Controlled Cutoff Cam Angle cannot be changed dynamically. 
Adjust the Right Admission and Right Cutoff Cams Calibration Angles to 
90.0 degrees above the Left Cams Calibration Angles. 
 
 
Use small steps for moving the crank. 
Zoom in to see detail. 
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  SOUTHERN INSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
Blank Page 
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  SOUTHERN OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
Blank Page 
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  SOUTHERN VARIABLE LEAD SPECIAL INSTRUCTIONS 
 
 
The  basis  of  the  variable  lead  modification  to  Southern  valve  
gear  
 is  a  compound  bell  crank  which  enables  the  independently  
adjusted,  varying  component  of lead  to  be  conjugated  with  the  
motion  derived  from  return  crank  via  the  eccentric rod  and  
transmission  yoke. 
A very  wide  range  of  valve  lead  values  is  thus  made  possible,   
from  1/2 inch  or  even  more  of  positive lead  through  0  lead  to  
 a  similar  maximum  of  negative  lead.  Southern  Gear  is  chosen  as  
the  simplest  way  to  apply  the  device,  but  the  principle  is  
applicable  to  any  gear  where  the  drive  to  the  valve  rod  is  
referenced  to  a  fulcrum  on  the  engine  frame,  e.g.  Baker  Gear. 
  
The  principle  advantage  of  the  layout is  that  only  part  of  the  
total  lead  component  (lap +  lead) of  the  valve  drive  is  being  
adjusted.  In  this  way,  the  drive and control  linkage  of  the  
variable  lead  mechanism  is  relatively  lightly  loaded  and  
therefore  amenable  to  easy  and  accurate  operational  adjustment. 
It  must  be  kept  in  mind  that  varying  the  lead  also  changes  
the  other  valve  events.  This  relationship  can  be  easily  observed  
on  the  oval  diagram. Increasing  lead  means  a  shorter  cut-off  and  
advanced  timing  of  exhaust  release  and  compression. The  increased  
valve  travel  in  full  gear  at  maximum   lead  must  also  be  
allowed  for. 
 
The  proportion  of  the  variable  component  to  the  total  motion  of  
the  valve  drive  can  also  be  changed  by  altering  the  ratio  of  
the  bell crank  vertical  arm  length  to  the  length  of  the  lower  
part  of  the  conjugating  arm.  Ratios  of  between  4:1  and  6:1  
should  be  appropriate.  The  upper  part  of  the  conjugating  arm  
must  always  be  the  same  length as  the  vertical  arm  of  the  bell  
crank.  The  radius  of  the  lead  sector  and  the  length  of  the  
lead  rod  will  be  the  same,  the  radius  being  concentric  with  
the  bell  crank  pivot. 
 
  The  length  ratio  of  the  conjugate  arm  is  important as  it  
indicates  the  relative  distribution  of  loading  in  the  valve  
drive   
between  the  motion  derived  from  the  eccentric  and  that  from  the  
union  link  to  the  lead  sector.  Therefore,  as  high  a  ratio  as  
possible  is  desirable  consistent  with  providing  a  satisfactory  
value  of  maximum  lead.  The  length  of  the  union  link  can  be  
altered  to  equalise  the  variable lead  component  at  each  end  of  
the  working  cylinder. 
 
 
The  operational  objective  of  variable  lead  is  to  facilitate  
starting  and  optimize  the low  speed  characteristics  of  the  
engine,  while  allowing  generous  values  of  lead  to  be  employed  
at  higher  speeds  with  longer  cut-offs  to  aid  the  achievement  of  
maximum  power  output.  It  has  been  suggested  that  high  values  of  
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NEGATIVE  lead  may  be  appropriate  for  the  drifting (coasting)  
mode,  in  conjunction  with  full   boiler  pressure  at  the  admission  
chamber  and  short  cut-offs.  However, the  proof  or  otherwise  of  
this  idea  will  have  to  wait  untill  the  gear  aquires  a  
practical  application. 
  
 It  should  also  be  noted  that  selection  of  negative  lead  means  
that  in  mid-gear,  the  valve  will  not  admit  steam  to  the  
working  cylinder  at  any  point  in the  cycle, so  that,  at  least  
in  theory, an  engine  thus  equipped  could  be  controlled  
satisfactorily  using only  the  valve  gear.   
 
 
Russell  Brown 
 
January/ 2006         
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  STEPHENSON SPECIAL OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
   This is a modified form of the Stephenson valve gear that is thought 
to have been used on a Dutch steam propelled fire engine. The fire engine 
was  built in 1910 by the firm Bikkers in Rotterdam. The two cylinders 
were vertical with the steam chests on the front of the cylinders. The 
eccentrics, eccentric rods and links were rotated 90 degrees. Bell cranks 
were then used to couple the links to the valve stems. This form would 
keep the width and height to a minimum. 

Special instructions page from Charles J. Dockstader’s “Steam Engine Valve Gear on the Computer” 
June 12, 2010 Version



  STEVENS 1885 OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
This Stevens gear starts with an inside eccentric giving a horizontal 
motion. This horizontal motion is changed to a vertical motion using a 
bellcrank. The vertical motion of the bellcrank swings the right end of a 
lever vertically. The left end of this lever is moved vertically by the 
reverse arm above or below the mid position of the right end of the 
lever. When the left end of the lever is above the mid vertical position 
of the right end, then the left end of the lever has a horizontal motion, 
first moving left, then right. When the left end is below the mid 
vertical of the right end, the horizontal motion is reversed, first 
moving right then left. Baker uses this same principal except the 
swinging lever is vertical and is driven first by the eccentric crank 
giving a vertical motion, then a bellcrank changes the vertical motion to 
a horizontal motion. The item which is common in all Stevens valve gears 
is the combination lever having a tee head with two valve rods. The steam 
chest uses two valves, one at each end of the steam chest. The drive of 
the valve from the combination lever is such that as each steam port is 
opened or closed the valve is moving faster than with a normal drive from 
the combination lever. 
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  STEPHENSON BRITISH OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
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  CHURCHWARD STEVART SPECIAL INSTRUCTIONS 
 
This gear has been referred to by the name "Scissors". 
 
The centering of the reverse arm for mid gear moves the top end of the 
reverse arm horizontally so it is vertical. The actual mid gear centering 
must be adjusted with the the levers from the reverse arm since there are 
two mid gears that require centering.  
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  STEPHENSON GWR INSIDE ADMISSION SPECIAL INSTRUCTIONS 
 

Special instructions page from Charles J. Dockstader’s “Steam Engine Valve Gear on the Computer” 
June 12, 2010 Version



  STEPHENSON GWR OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
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  STEPHENSON INSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
  The program starts with the common arrangement of the reverse arm with 
its lifting arm pointing forward and using a rocker for indirect motion 
to the valve. The expansion link is down for forward. 
  If the lifting arm is pointing to the rear, make the lifting arm 
negative. 
  If the valve has direct motion, make the lower part of the rocker large 
(20X to 50X), make the upper part of the rocker equal to the negative of 
the lower part of the rocker, make the vertical position of the rocker 
center pivot equal to the lower part of the rocker, make the backset of 
the upper part of the rocker equal to zero, make the distance between the 
cylinder center line and the valve center line equal to zero, rotate both 
eccentrics to correct the timing. The valve rod should not be zero, 
shorten the valve stem so the sum of the two is equal the true valve stem 
length. 
  Remember to recalculate the reverse arm center position if dimensions 
arround the link and the reverse lever have been changed and the auto 
calculation was not activated. 
 
ADJUSTING STEPHENSON VALVE GEAR 
  For this to work properly, both eccentrics, valve rods and valve stem 
must be adjustable. 
  The engine is on some rollers or rail. Tram marks or points are 
required to show 0 deg crank position for TOP DEAD CENTER CRANK FORWARD 
and 180 deg crank position for TOP DEAD CENTER CRANK BACK. 
  Remove steam chest covers. Adjustments should be tight. 
  To check approximate eccentric position, set gear to forward, roll 
engine forward watching valve. When passing TDC FORWARD the front port 
should just open and passing TDC BACK the rear port should just open. If 
this is wrong, rotate forward eccentric to correct. Set gear in reverse, 
roll engine back, front port should just open when passing TDC FORWARD 
and rear port should just open when passing TDC BACK. Correct if 
necessary. 
  The forward eccentric rod should be adjusted to its design length and 
tightened. 
  Set gear to forward. Roll engine forward to TDC FORWARD. Note valve 
position on front port. Roll engine forward to TDC BACK. Note valve 
position on rear port. Adjust valve stem for equal valve positions on 
both ports. 
  Set gear forward. Roll engine forward to TDC FORWARD. Adjust forward 
eccentric so front port is just ready to open. 
  Set Gear to reverse. Roll engine backwards to TDC FORWARD. Note valve 
position on front port. Roll engine backwards to TDC BACK. Note valve 
position on rear port. Adjust reverse eccentric rod for equal valve 
positions on both ports. 
  Set gear in reverse. Roll engine backwards to TDC FORWARD. Adjust 
reverse eccentric so front port is just ready to open. 
  Repeat adjustments until front port and rear port are just ready to 
open at TDC for both forward and reverse. 
  Set gear to mid position. Roll engine forward to TDC FORWARD. Valve 
position on front port should be open by LEAD. About 0.020 to 0.025 
inches on 1.5 inch scale. Roll engine to TDC BACK. Lead should be the 
same as at TDC FORWARD. If not recheck adjustments.  
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  If lead is too large, reduce the length of the upper rocker, or 
increase the length of the lower rocker or reduce the throw of the 
eccentric. Percent change of rocker is close to percent change of lead. 
Then readjust again as above. Eccentric angles will also change. 
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  STEPHENSON OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
  The program starts with the common arrangement of the reverse arm with 
its lifting arm pointing forward and using a rocker for indirect motion 
to the valve. The expansion link is down for forward. 
  If the lifting arm is pointing to the rear, make the lifting arm 
negative. 
  If the valve has direct motion, make the lower part of the rocker large 
(20X to 50X), make the upper part of the rocker equal to the negative of 
the lower part of the rocker, make the vertical position of the rocker 
center pivot equal to the lower part of the rocker, make the backset of 
the upper part of the rocker equal to zero, make the distance between the 
cylinder center line and the valve center line equal to zero, rotate both 
eccentrics to correct the timing. The valve rod should not be zero, 
shorten the valve stem so the sum of the two is equal the true valve stem 
length. 
  Remember to recalculate the reverse arm center position if dimensions 
arround the link and the reverse lever have been changed and the auto 
calculation was not activated. 
 
ADJUSTING STEPHENSON VALVE GEAR 
  For this to work properly, both eccentrics, valve rods and valve stem 
must be adjustable. 
  The engine is on some rollers or rail. Tram marks or points are 
required to show 0 deg crank position for TOP DEAD CENTER CRANK FORWARD 
and 180 deg crank position for TOP DEAD CENTER CRANK BACK. 
  Remove steam chest covers. Adjustments should be tight. 
  To check approximate eccentric position, set gear to forward, roll 
engine forward watching valve. When passing TDC FORWARD the front port 
should just open and passing TDC BACK the rear port should just open. If 
this is wrong, rotate forward eccentric to correct. Set gear in reverse, 
roll engine back, front port should just open when passing TDC FORWARD 
and rear port should just open when passing TDC BACK. Correct if 
necessary. 
  The forward eccentric rod should be adjusted to its design length and 
tightened. 
  Set gear to forward. Roll engine forward to TDC FORWARD. Note valve 
position on front port. Roll engine forward to TDC BACK. Note valve 
position on rear port. Adjust valve stem for equal valve positions on 
both ports. 
  Set gear forward. Roll engine forward to TDC FORWARD. Adjust forward 
eccentric so front port is just ready to open. 
  Set Gear to reverse. Roll engine backwards to TDC FORWARD. Note valve 
position on front port. Roll engine backwards to TDC BACK. Note valve 
position on rear port. Adjust reverse eccentric rod for equal valve 
positions on both ports. 
  Set gear in reverse. Roll engine backwards to TDC FORWARD. Adjust 
reverse eccentric so front port is just ready to open. 
  Repeat adjustments until front port and rear port are just ready to 
open at TDC for both forward and reverse. 
  Set gear to mid position. Roll engine forward to TDC FORWARD. Valve 
position on front port should be open by LEAD. About 0.020 to 0.025 
inches on 1.5 inch scale. Roll engine to TDC BACK. Lead should be the 
same as at TDC FORWARD. If not recheck adjustments.  
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  If lead is too large, reduce the length of the upper rocker, or 
increase the length of the lower rocker or reduce the throw of the 
eccentric. Percent change of rocker is close to percent change of lead. 
Then readjust again as above. Eccentric angles will also change. 
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  TWINING INSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
Data from THE LOCOMOTIVE   June 15, 1949   Page 83 -- 
The Locomotives for Narrow Gauge Railways  By E. W. Twining 
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  WALSCHAERT GWR INSIDE ADMISSION SPECIAL INSTRUCTIONS 
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  WALSCHAERT INSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
  The program starts with the common arrangement of the reverse arm with 
its lifting arm pointing forward and the radius rod down for forward. 
  If the lifting arm is pointing to the rear, make the lifting arm 
negative. 
  If the reverse arm is pointing down, make the reverse arm negative. 
  If the radius rod is up for forward then make the eccentric circle 
negative to place the eccentric crank so it leads the main crank. 
  If the reverse arm and the lifting arm are in front of the link, then 
make the radius rod extension negative. 
  If the radius rod extension slides in a bushing at the end of the 
lifting arm with no lifting link, make the lifting link and the radius 
rod extension zero. The lifting link will rubberband causing a 
calculation error beep. Turn off the calculation error beep. 
  Remember to recalculate the reverse arm center position if dimensions 
around the link and the reverse lever have been changed and the auto 
calculation was not activated. 
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  WALSCHAERT SPECIAL INSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
This Walschaert uses cylinders inside the frame with the valves on  
the side of the cylinders and driven with eccentrics. 
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  WALSCHAERT OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
  The program starts with the common arrangement of the reverse arm with 
its lifting arm pointing forward and the radius rod down for forward. 
  If the lifting arm is pointing to the rear, make the lifting arm 
negative. 
  If the radius rod is up for forward then make the eccentric circle 
negative to place the eccentric crank so it leads the main crank. 
  If the reverse arm and the lifting arm are in front of the link, then 
make the radius rod extension negative. 
  If the radius rod extension slides in a bushing at the end of the 
lifting arm with no lifting link, make the lifting link and the radius 
rod extension zero. The lifting link will rubberband causing a 
calculation error beep. Turn off the calculation error beep. 
  Remember to recalculate the reverse arm center position if dimensions 
arround the link and the reverse lever have been changed and the auto 
calculation was not activated. 
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  WOOLF OUTSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
  Sections of the graphics in graphic motion are moved for viewing on a 
two dimensional screen. The steam chest is on the side of the cylinder. 
  The Case traction engines used Woolf valve gear. The later Case engines 
used the form that is the internal default form of the program. This form 
had the eccentric rod above the pivot of the rocker. The center position 
for the reverse head sets the reverse head close to vertical. The earlier 
Case engines had the eccentric rod below the pivot of the rocker. Since 
the eccentric rod is not horizontal, the center position for the reverse 
head is not vertical but perpendicular to the eccentric rod. To change 
the program, rotate the eccentric 180 deg, change the dimension of the 
rocker pivot-eccentric rod to a positive number and adjust the rocker 
dimensions. 
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  WESTERN RIVER STEAM BOAT  Calif. Cutoff  SPECIAL INSTRUCTIONS 
 
The slide bar is not forward and reverse but is used to move only cutoff. 
Forward and reverse are a HOOK type gear. See preset #5 and use Fwd and 
Rev. Use preset #3 and 4 to see the cutoff motion while moving the slide 
bar. 
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  YOUNG INSIDE ADMISSION SPECIAL INSTRUCTIONS 
 
Blank Page 
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