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Editorial and news 

As we saw in the last issue, new pictures continue to emerge. 

Never of the Bugatti 100P, but of the de Monge designed air-

craft, or the Bugatti powered ones. In this case, the de Monge 

7.5. Still without numbers, and with no covering of the side of 

the fuselage. The Bugatti Brescia engines can be clearly seen.  

 

Since the last issue, quite a few magazine articles appeared 

about the Bugatti 100P airplane, many of course because of the 

replica being built by Scotty Wilson and his team, and because 

the airplane was shown at the Bugatti exhibition in the Mullin 

museum in Onard, California. 

One of the best articles was published in the Smithsonian Air 

& Space airspacemagazine, written by Preston Lerner, and 

called “French Racing Blue”. Other articles were published in 

Octane magazine and in the new German magazine Noah. 

 

In this issue we will publish (almost in their entirety) a diffe-

rent kind of articles: Parallel to the build of the replica various 

aspects of the Bugatti 100P’s design are scientifically assessed. 

This in order to foresee possible (aerodynamic) risks, enabling 

to prepare for them or make small design changes. The content 

of the articles is rather scientific for some, though by focussing 

on the results rather than on the approach, I hope it will be 

understandable to most members. 

 

The last years very little new original information emerged 

about the 100P airplane. Can it be that we found everything 

that is out there? Every single drawing and document that still 

survives? Personally I am convinced there must be more, so-

mewhere….  

 

Recently there have been discussions amongst a few members 

about the involvement of Jean Bugatti in the design of the 

100P; was he solely responsible for the development of the 

T50B engines, or had he some influence on the project. Other 

questions which were raised (but not answered!) are if the 

Germans were aware of the existence of the project, and if they 

really went looking for the airplane, as rumour has it they did. 

Though of course, those are just rumours. In the end, it seems 

that they did not find the airplane at Ermenonville, as they 

would have probably taken it from there, as they would have 

the Bugatti Royale which was sitting next to it…. Of course 

during the war-years some of the patents about features of the 

Royale appeared, also in Germany. None of these features 

were used in a German airplane.  

 

Finally a major question is what Louis de Monge did during 

the war years. We have quite a complete picture of his activi-

ties up to the summer of 1940, after that it is unclear. 

 

These questions can’t be definitively answered until we find 

some new information….. Recently a complete collection of 

pre-war classics including a Bugatti was discovered, after ma-

ny decades in hiding. This must be possible for information on 

the Bugatti 100P also!  
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After the return from Oshkosh (top photo, July 2014) Scotty continued to 

work on the replica airplane. Many details to be completed and various as-

pects to be worked out. Some of the work on the aerodynamic and structural 

aspects were published in articles, 3 of them are reproduced elsewhere in 

this issue. 

 

A lot of the info presented here was taken from the Reve Bleu projects - 

www.facebook.com/TheBugatti100pProject - page on facebook. A good 

place to visit, and you can see a few movies there which I can not reproduce 

here (well, not at the moment yet, maybe in future…..). A very interesting 

one showing the movement of the tail-surfaces, where the Y-tail control 

mixer makes that the upper two surfaces work in conjunction with the vertical 

control surface. Fabricating the Y-tail flight controls was more difficult than antici-

pated due to the very close clearances between elements of the fuselage structure 

and various cables, pushrods, bellcranks, and control horns.  

 

Another movie is of much similar interest, showing the movement of the wing 

flaps. 

 

I will show other details here, the order in which these are presented have no speci-

fic meaning…. 

 

On this page the instrument panels. Note one very important detail 

(besides that the panel is very similar to the original in appearance): all 

instruments are French! 

Editor, Secretary of the BAA: Jaap Horst          

E-mail: J.J.Horst@BugattiPage.com 

Abstederschans 65, 3432 EH, Nieuwegein, The Nether-

lands.  

Info: www.BugattiAircraft.com 

. 

All contributions to Pegasus are very welcome! 

Membership to the Bugatti Aircraft Association is open 

to anyone, we only ask a contribution of €20 (world) or 

€15 (europe) to help in the publishing and mailing cost of 

the Newsletter Pegasus. Back issues of Pegasus can be 

found on the Members section of the website 

 

Payment methods: 

- Cash in an envelope, to the address above. 

- By banktransfer (for Europeans): Account number 

590981560, to the name of J.J. Horst, IBAN: 

NL02ABNA0590981560, BIC:ABNANL2A 

- By PayPal: PayPal name J.J.Horst@Bugattipage.com  

On www.PayPal.com you can do the payment using your 

credit card. 

 

Copyright BAA, 2014. No part of this newsletter may be 

reproduced in any way, without prior written permission. 

Advances in the completion of the Scotty 

Wilson Replica 
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Above the two engines in front of the fuselage and wing. 

 

Good friend of the project and talented machinist Jeff Lewis 

has been busy fabricating two spring assemblies for the 100P's 

upper flap push-rods (see detail in circle). As on the original, 

the spring assembly keeps the upper flap pressed closely to the 

lower flap when retracted.  

With limited space in the cockpit, there is no room to fit a 

conventional elevator trim system (which is necessary, see the 

articles on the next pages), so the team has schemed out a 

simple electro-actuated system that will work directly onto the 

elevator pushrod, see the drawing at the bottom of the page. 

By moving the actuator bracket and linear actuator longitudi-

nally, we can alter the amount of spring force required to give 

neutral trim at most points of the speed envelope. Obviously 

there will be an amount of trial and error required to get it 

“spot-on” but we are confident we can get close from the out-

set.  

Above: Nice canopy latch isn’t it! Above the original, not 

made in Tulsa, USA, but in Molsheim, France. Below and on 

the next page: How this part is reproduced to the same quality! 
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Above and below the extended (for test-flight purposes) pitot-

static probe / AOA vane assembly made by project machinist 

Jeff Lewis. We'll position the AOA vane 39" ahead of the wing 

leading edge; the pitot-static portion is 6" ahead of the vane 

assembly. Our aero engineer friends tell us the vane and pitot 

head should be out ahead of the leading edge by a distance of 

50% minimum of the local chord length.  

 

Elbie Mendenhall at RiteAngle AOA Systems designed and 

fabricated this system specifically for the Bugatti 100P project. 

We'll show the finished product and cockpit display when we -

ve completed the assembly, system set-up, and calibration. In 

the meantime, you can visit RiteAngle at www.riteangle.org.  
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3 articles on flight characteristics of the Bugatti 100P. 
 

By Mike Cavanaugh 

Full articles can be found on: bugatti100p.com/articles-papers.html 

 

Bugatti 100P Two-Dimensional Airfoil Charac-

teristics  
 
Two-dimensional airfoil characteristics were computed for the 

Bugatti 100P at the five wing stations scanned by Scotty 

Wilson and Greg Carlson on the original airplane. Those air-

foil profiles are shown in Figure 1. The spanwise location, 

along the wing, of those five airfoil scans is given in Figure 2. 

The three inboard profiles (BL41.4, BL73.4 & BL89.4) are in 

the span of the flap, the two outboard profiles (BL113.4 & 

BL137.4) are in the span of the aileron.  

 

Airfoil coordinates were digitized from Figure 1. Those coor-

dinates were then smoothed and two-dimensional airfoil cha-

racteristics computed using the NASA MCARF multi-element 

viscous airfoil analysis code. MCARF is a two-dimensional 

vortex panel method with an integral boundary layer calculati-

on.  

 

Airfoil geometry and computed pressure distributions for each 

of the five scanned sections were made, An example is given 

on the lower right, Figure 3d. The top graph is the scanned and 

digitized profile and the smoothed profile output from 

MCARF. The 2nd plot on each page is the airfoil pressure 

distribution (pressure coefficient, Cp) for angles of attack ran-

ging from -2° to 10°. That angle of attack range represents 

high speed flight down to about 1.2Vs, or slower. The bottom 

graph on each page shows the pressure distribution at 0° and 

2° angle of attack. The 200 knots (370 km/h) target speed for 

the first flight of the prototype should fall in this angle of at-

tack range.  

 

The pressure distributions all show a conventional forward 

loading which increases sharply with increasing angle of at-

tack. Peak pressures occur at, or very near, the airfoil leading 

edge. Aft of this peak is a long run of adverse pressure gra-

dient which will transition the boundary layer from laminar to 

turbulent. This pressure distribution would indicate that the 

Bugatti 100P wing will have little or no laminar flow. A Natu-

ral Laminar Flow (NLF) airfoil has its peak pressure further aft 

allowing for a long run of favorable pressure gradient, and 

thus a greater amount of laminar flow. More laminar flow 

means lower drag. However, NLF airfoils can have poor 

(abrupt) stall characteristics. In this regard, the Bugatti 100P’s 

turbulent flow airfoils should not lead to poor stall characteris-

tics on their own. However, we still have to consider the ef-

fects of planform on stall characteristics.  

 

Airfoil lift curves (Cl vs. AOA), drag polars (Cl vs. Cd) and 

quarter-chord pitching moment curves (Cm_c/4 vs. Cl) are given 

in Figures 4a – 4c (next page). Linear curve fits of the lift and 

pitching moment data are included in each plot. The fits are 

through the portion of the curves where the aircraft will opera-

te a majority of the time (lower angle of attack, not near stall). 

The lift and pitching moment curve characteristics are listed in 

Table 1.  

 

Lift curve slope (Clα), the lift coefficient at zero angle of attack 

(Clo) and the angle of attack for zero lift coefficient (αOL) were 

taken from the linear fits in Figure 4a. MCARF does not pre-

dict maximum lift coefficient (Clmax) directly. MCARF does 
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predict boundary layer separation. Clmax was judged to occur 

when predicted separation at the airfoil trailing edge reached 

approximately 20% chord. Figure 1 shows that the wing airfoil 

becomes sharper (lower t/c ratio) from root to tip. This, combi-

ned with the lower Reynolds Number due to smaller wing 

chords at the tip, dropped the MCARF estimated Clmax from 

about 1.7 near the root to about 1.4 near the tip. This characte-

ristic is not desirable because it can contribute to tip stall. 

The airfoil aerodynamic center (a.c.) and the pitching moment 

coefficient at zero lift coefficient (Cmo) were taken from the 

linear fits in Figure 4c. As expected, the airfoil aerodynamic 

center is in the neighborhood of 25%c. Cmo increases from 

root to tip likely due to the changing shape of the airfoil cam-

berline. Airfoil camberlines are discussed later in this section. 

 

NACA TN-3963 provides a method for predicting the type of 

airfoil stall characteristic based on Reynolds Number and the 

airfoil upper surface y-ordinate at 1.25% chord. The airfoil 

upper surface y-ordinate is listed for each section in Table 1.  

Based on the correlation curve from TN-3963, the three in-

board airfoils are predicted to have a trailing edge type stall.  

 

“Trailing-edge stall (preceded by the movement of the 

point of turbulent boundary layer separation forward 

from the trailing edge with increasing angle of at-

tack).”  

 

The two outboard airfoil sections are predicted to have a lea-

ding edge type stall.  

 

“Leading-edge stall (an abrupt flow separation of the 

laminar boundary layer near the leading edge, gene-

rally without subsequent flow reattachment.)”  

 

Having a leading edge type stall coupled with a lower Clmax 

at the tip will not help aircraft stall characteristics. 

 

Mean camberlines for each airfoil section were computed 

using XFOIL. Those mean camberlines are plotted in Figure 

6a. The waviness is due to the scanning and digitizing of the 

airfoil points. Maximum camber for all of the airfoil sections 

is low, less than 1%c. This is why the zero-lift angle of attack 

for all the sections is only about -1°. These are not high lift 

airfoil sections, which is to be expected on an aircraft designed 

for high-speed. 

 

The three inboard profiles have a similar camberline shape as 

do the two outboard profiles. The slope of the camberlines for 

the inboard profiles is much steeper from the leading edge to 

the 15% chord position than for the two outboard profiles. I 

think this was the intent of the designer (not due to manufactu-

ring inconsistencies). The inboard and outboard sections look 

to be different airfoil families. I tried to fit camberlines for the 

NACA 4 and 5-digit series airfoils, but none seemed to match 

the data across the entire chord airfoil. 

 

The consequence of the camber change from root to tip is that 

the airfoil zero-lift angle of attack becomes more negative out 

towards the tip. This would be aerodynamic “wash –in”, which 

is not helpful for preventing tip stall. Curve fit equations for 

each of the airfoil mean camberlines are given in Figure 6b. 

These will be used to generate camberlines for a vortex lattice 

model of the 100P wing. 
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Bugatti 100P $eutral Point and Longitudinal 

Trim  
 
$eutral Point Location  

Stick-fixed static longitudinal stability (neutral point) and 

longitudinal moment trim (elevator deflection vs. airspeed) 

were computed for the Bugatti 100P flap up and flap extended 

configurations over a range of proposed center of gravity posi-

tions. The aircraft neutral point was estimated using the wing-

tail vortex lattice model (VLM) shown in Figure 1. The desta-

bilizing effect of the body on neutral point location was esti-

mated using Royal Aeronautical Society Data Sheet 08. 01. 01. 

from Appendix B of Etkin’s Dynamics of Flight, Stability & 

Control. The reference wing planform used for the VLM mo-

del is slightly simplified from the real airplane. 

 

The Bugatti 100P stick-fixed neutral point is estimated to be at 

26%c of the mean aerodynamic chord for the power-off condi-

tion. High-power at low airspeeds will cause a further forward 

shift in neutral point. This destabilizing effect due to power 

has yet to be estimated. For center of gravity (CG) loadings 

forward of 26%c, the aircraft will possess positive longitudinal 

stability. Longitudinal moment trim was investigated for CG 

positions of 10%c, 15%c & 20%c, nominally forward, mid and 

aft CG. These positions were chosen arbitrarily for this analy-

sis. Figure 3 shows that the main wheel ground contact point is 

located at 10.9%c. This would represent the forward CG limit 

for ground handling (keeping the aircraft on the tail wheel).  

Elevator Deflections Required  

 

Elevator deflection to trim versus airspeed curves are plotted 

in Figure 4 for the flap up, flap 12.5° and flap 25° deflections 

at fwd, mid and aft CG. The 100P plain flap geometry is given 

in Figure 5. Full deflection for landing is 25° and a mid deflec-

tion of 12.5° was assumed for takeoff. Note that plain flap 

deflections for landing are generally much higher than 25°. 

Maximum flap extended speeds (VFE) of 113 kts and 111 kts 

for the 12.5° and 25° positions were calculated based on the 

FAR 23 1.8 x Vso definition. The flap up VNE speed identi-

fied on the plot is arbitrary and likely would be set by other 

considerations like flutter.  

 

The curves in Figure 4 show that the elevator should be trai-

ling edge up throughout the 100P’s entire flight envelope. The 
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curves also show that there would not be much of a trim chan-

ge with flap deflection. At a forward CG of 10%c, the aircraft 

would be elevator limited in stall. An aerodynamic stall at fwd 

CG would not be possible because elevator deflections exceed 

the surface travel limit of -25° TEU. The deflections would 

also exceed the elevator’s aerodynamic effectiveness limits. 

Slightly aft of 10%c, the aircraft will be capable of reaching an 

aerodynamic wing stall.  

Note that the elevator deflection curves plotted in Figure 4 are 

for a 2650 lbs aircraft.  

Trimmed Lift Curves and Stall Speeds  

Trimmed lift curves for all three reference flap positions at 

fwd, mid and aft CG are plotted in Figure 6. Trimmed refers to 

the elevator being deflected at the position required to bring all 

pitching moments to zero about the aircraft’s center of gravity, 

i.e. the elevator deflection curves in Figure 4. The lift curves 

are plotted as linear up to stall. Generally, there is 2°~3° of 

non-linear lift curve before maximum lift coefficient is rea-

ched. This non-linear portion of the lift curve could not be 

predicted and was therefore not included. Actual stall angles of 

attack should be slightly higher than those shown in Figure 6.  

 

The lift curve characteristics such as lift curve slope (CLα), lift 

coefficient at zero angle of attack (CLo), zero-lift angle of at-

tack (αOL) and maximum lift coefficient (CLmax) are listed in 

the Tables below Figure 6. The 1g stall speeds for a 2650 lbs 

aircraft are also listed in the Tables. Normal load factor gene-

rally drops below 1.0 at stall. So, the minimum speed observed 

during the stall should be 1 or 2 knots slower than those listed.  

Cruise (flap up) CL for a 2500 lbs aircraft at 200 knots is 0.14. 

Body attitude at that speed would be about 1° in level flight. 

Lift coefficient for a flap up approach speed of 1.3Vs (Vref = 

84 kts) would be 0.83 with a body attitude of 10°. With lan-

ding flaps, body attitude at 1.3Vs (Vref = 76 kts) would be 8° 

(CL 1.0). More speed may need to be added to Vref in order to 

get a reasonable look over the nose during approach.  

Stall Characteristics  

 

Some gage of the aircraft’s stall characteristics can be gleaned 

from the wing spanwise lift distribution. Figure 7a shows the 

spanwise lift distribution on the flap up wing at stall angle of 

attack. An airfoil two-dimensional maximum lift coefficient 

line is plotted for reference. When the local wing Cl reaches 

the airfoil Clmax, the wing is said to be stalled (or stalling). The 

Figure shows that the stall occurs out towards the tip at 70% to 

80% span. This characteristic would likely mean a tip stall 

leading to wing drops and roll offs.  

 

Spanwise lift distributions on the wing for the flap 12.5° and 

flap 25° configurations are given in Figures 7b & 7c, respecti-

vely. Again, a two-dimensional airfoil maximum lift coeffici-

ent line is plotted. As expected, the flapped portion of the wing 

has a higher 2-D Clmax. The Figures show the wing stalling 

outboard of the flapped portion of the wing. The flap induces 

higher local angles of attack that raise the lift coefficients of 

the outboard (unflapped) portion of the wing. Using the dro-

oped aileron would raise the local sectional Clmax outboard and 

help load the wing to higher lift coefficients before stalling. 

The result would be a higher aircraft CLmax and thus lower stall 

speeds. Stall location would be more inboard, about 50% to 

60% span. Flap extended roll offs at stall would likely be less 

severe than flap up. Note that aileron effectiveness plays a role 

in the severity of the roll offs at stall, but that is difficult to 

predict with these methods.  
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Horizontal Tail Lift Coefficient  

 
The average downwash angle at the horizontal tail is plotted in 

Figure 8 versus aircraft angle of attack. The close-coupled tail 

on the 100P leads to a rather large downwash gradient (∂ε/∂α) 

of about 0.50. Using these estimated downwash gradients, tail 

lift coefficients were computed for the three reference flap 

positions at forward, mid and aft center of gravity. These tail 

CLs are plotted against aircraft CL in Figure 9. The Figure 

shows that the minimum tail lift coefficient is just -0.40 for the 

flap 25° configuration at forward CG. Flaps up minimum tail 

CL is on the order of -0.15. In all conditions, the horizontal tail 

does not appear to be highly loaded.  

 

There is some concern as to the aerodynamic effectiveness of 

the 100P’s horizontal stabilizer with the leading edge inlets 

installed. A horizontal stabilizer with a large 45 minute ice 

shape on the leading edge could be considered an analogous 

situation in terms of flow disturbance over the tail. The 45 

minute ice shape generally has two forward protruding “horns” 

which can be as tall as the tail’s maximum thickness. This 

effectively makes the horizontal tail leading edge square (or 

blunt). Ice shapes of this size have been found to reduce tail 

CLmin (less negative) but not change tail lift curve slope. Note 

that CLmin would be CLmax for a downloaded tail. By not chan-

ging tail lift curve slope, the tail’s contribution to longitudinal 

stability would be unchanged. The concern then becomes tail 

stall.  

The two wind tunnel test examples I could find for a horizon-

tal tail with a 45 minute ice shape showed a CLmin drop from -

1.10 to -0.63 for a twin-engine jet and a -0.90 to -0.74 CLmin 

drop for a single-engine jet. Another wind tunnel example with 

36-grit sandpaper on the horizontal tail showed a tail CLmin 

drop from -0.79 down to -0.69. All three examples lowered tail 

CLmin down to a value in the neighborhood of that of a flat 

plate. Assuming a flat plate like value of -0.60 for the 100P tail 

CLmin shows that there would still be margin to tail stall based 

on the horizontal tail loadings given in Figure 9.  
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Summary:  

• The 100P’s stick-fixed neutral point is predicted to be at 

26%c (135.74” from nose)  

• Elevator deflection curves show that the aircraft should not 

be elevator deflection limited in stalls if the CG is positio-

ned aft of 10%c.  

• Flaps up stall speed for a 2650 lbs aircraft is predicted to be 

66 ~ 67 knots.  

• The flaps up spanwise lift distribution indicates tip stall.  

• The horizontal stabilizer is lightly loaded which should 

mitigate some of the concern with the leading edge inlets.  

 

Bugatti 100P Longitudinal Stick Forces  
 

Stick-free static longitudinal stability (stick force-per-knot) 

and stick-free longitudinal maneuvering stability (stick force-

per-g) were computed for the Bugatti 100P over a range of 

weights, CG positions, and airspeeds. Elevator control surface 

hinge moment coefficients were estimated using U.S. Air For-

ce Stability & Control DATCOM handbook methods. The 

100P elevators were assumed to be flat-sided with no aerody-

namic balance, no horns or leading edge overhangs. An eleva-

tor control system gearing ratio of 1.22 rad/ft was calculated 

based on the dimensions given in the schematic shown as 

Figure 2 and additional measurements taken on the aircraft. 

The units of gearing are radians of control surface deflecti-

on divided by feet of stick travel at the pilot’s control.  

Static Longitudinal Stability (Stick Force-per-knot)  

Stick forces were computed for a 20 knot pull and a 20 knot 

push from trim for the light weight 100P. Light aircraft 

weights are critical because they produce the lowest stick force 

gradients. For the purpose of this analysis, 2350 lbs was consi-

dered light weight. Mid weight would be 2500 lbs and heavy 

2650 lbs. Stick forces are plotted in Figure 3 for three trim 

speeds, 1.2Vs+20 kts, VA and VNE-20 kts. The values of VA 

and VNE were selected somewhat arbitrarily. Forces are plotted 

at each trim speed for forward, mid and aft CG positions of 

10%c, 15%c and 20%c, respectively. For reference, a 1 lb/6 

kts stick force gradient curve is plotted at each trim speed. 

This stick force gradient is generally considered a minimum 

for good longitudinal Handling Qualities.  

 

Figure 3 shows that the 100P stick force gradients fall below 

the 1 lb/6 kts criteria at aft CG for all airspeeds. At high air-

speed and aft CG, it takes about 1 lb of stick force to decelera-

te or accelerate 20 kts from trim. Just +/-2 lb of friction would 

be enough to swamp the aft CG stick force gradients plotted in 

Figure 3. If this aircraft were intended to be certified, a num-

ber of fixes would be available for raising these low stick force 

gradients. Those fixes include a control system gearing ratio 

increase, down-springs, a trailing edge heavy elevator control 

surface (pending flutter clearance) and/or an anti-servo tab. 

Note that stick forces scale linearly with elevator gearing ratio. 

Control system gearings should be confirmed on the 100P 

when the entire system is assembled end-to-end.  

The stick forces plotted in Figure 3 presuppose that the pilot 

can trim longitudinal forces to zero throughout the envelope. 

In the absence of a longitudinal trim system (tab or spring 

cartridge), stick forces are just what is required to hold the 

elevator in the positions shown in Figure 4. The associated 
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stick forces are plotted in Figure 5 as a function of airspeed for 

the forward, mid and aft CG positions. The required elevator 

deflections are trailing edge up, so the longitudinal stick forces 

are all in the pull direction. Figure 5 shows that as the 100P 

accelerates, the pull force required becomes larger, i.e. the 

nose tucks.  

 

Without the means to trim, stick force gradients do not neces-

sarily have to be stable. An elevator trim tab (or spring cartrid-

ge) creates the stable stick force gradient. Accelerate from trim 

and the tab deflection becomes too high and you have to push 

more. Decelerate from trim and the tab deflection becomes too 

low and you have to pull more. Figure 6 from Perkins & Hage 

Airplane Performance Stability & Control shows stick forces 

for two trim speeds (two tab deflections). The stable stick 

force slopes occur close to the trim speed. Far from the trim 

speed, the gradient falls off to nothing. Without the means to 

trim, the 100P is essentially operating with a trim speed at 

infinity. It may be that the designer, Louis de Monge, intended 

to use small flap deflections as a means of trimming the air-

craft longitudinally? However, a flap deflection/trim schedule 

would be very difficult to predict accurately prior to flight and 

would likely have to be determined during flight test.  

The fix for this issue would be the addition of an elevator trim 

tab or spring trim cartridge. A simpler fix would be a fixed 

ground adjustable tab on the elevator to create one trim speed 

in the envelope. The aircraft could then be flow at and around 

that trim speed for the first flight.  

 

The lack of a stable stick force gradient in one concern with 

the missing trim system. A second concern is the level of stick 

force the pilot needs to hold over a prolonged period of time. 

The FAR 23 maximum in pitch is just 10 pounds. Figure 5 

shows that it may be possible to pick an airspeed and CG en-

velope to stay under that maximum. However, problems would 

arise if stick forces were higher than predicted on first flight. I 

would recommend installing some sort of longitudinal trim-

ming device.  

 

Longitudinal Maneuvering Stability (Stick Force-per-g)  

 

Stick force-per-g is plotted in Figure 7 for the flap up configu-

ration at forward, mid and aft center of gravity and light, mid 

and heavy weights at low, medium and high altitudes. Stick 

force-per-g ranges from 33 lbs/g at fwd, heavy, low altitude to 

10 lbs/g at aft, light, high altitude. For a mid weight, mid CG 

and mid altitude condition, stick force-per-g is on the order of 

21 lbs/g. For reference, the LSA minimum stick force-per-g 

equates to about 5¼ lbs/g at the critical condition (light, aft 

CG, high altitude).  

Summary:  

• With the ability to trim, 100P stick force gradients are go-

ing to be low. Stick force-per-knot is predicted to fall well 

below 1 lb/6 kts at aft CG positions for all trim airspeeds 

for the light weight (2350 lb) aircraft.  

• In light of these low stick force gradients, care should be 

taken to keep friction in the flight control system to a mini-

mum.  

• Without the ability to trim, there will be no real stick force 

gradient, or stick force gradients could possibly be rever-

sed. The pilot will also be required to hold force throughout 

the flight. This could be an issue if actual stick forces are 

higher than predicted.  

• The installation of some form of longitudinal trim system is 

recommended.  

• Stick force-per-g at mid weight, CG and altitude is predic-

ted to be about 21 lbs/g.  

• Stick forces scale linearly with control system gearing ratio. 

Gearings for all of the axes should be confirmed on the 

actual aircraft when all the systems are installed end-to-end.  
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Groupes Multimoteurs Breguet 

450 & 900 CV 

 
Reprint of an original Breguet Brochure, undated I’m afraid. 

 

Compare this with the brochure printed in Pegasus 29; which 

is titled: “Le quadri-Moteur Breguet - Brevet Bugatti” Both 

are small, A5 - size booklets and were found at the Le Bourget 

air museum archives. 

The one shown here must be of later date though, than the one 

in Pegasus 29; “Brevet Bugatti” has disappeared! This one 

also has two illustrations, as well as the power curve for the 

“bi-moteur”. 

 

There’s a general part where the disadvantages of the “current” 

engines are summarized (limited power, or excessively large 

diameter pistons), and the advantages of Breguet’s multi-

engine groups.  

Then there are descriptions of the general layout, followed by 

characteristics of the 16 and 32 cylinder units. 

 

Excuses for the upside down engine on page 17, a consequen-

ce of turning the pages by 90 °, something Breguet also did for 

the engine photo! 
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