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EVALUATION OF THE UPSON STALL WARNING INDICATOR 

SUMMARY 

This report describes the Upson stall 
warnmg x,dxator. the auxlhary equpment 
requred for test purposes, the test proce- 
dure, and the results The fhght testmg 
program was performed ,n a Beechcraft G45 
auplane at the TechnIcal Development and 
Evaluatmn Center of the Cl”11 Aeronautics 
Adrmmstratran. Indlanapohs, Ind,ana A 
descrlptlon of the method used to locate the 
optxnum posltlon of the pressure-measurmg 
orlflce on the wmg 1s g,ven 

Test results show that this method of 
actuatmg a warnmg mechamsm by differ- 
entlal pressures has constderable mertt 
Adequate warnmg was realized in all stalls 
except those mvolvmg severe sllppr,g and 
sk1ddu.g att,tudes Data taken durmg these 
tests gave evidence that the actuator, not 
the prmc~ple. was the cause of warrang 
failure under these clrcurnstances 

INTRODUCTION 

As a result of numerous deaths re- 
sultmg from stall and spm accidents, the 
development of safe and practxal stall 
warnmg mdlcators has received considerable 
Impetus durmg recent years The need for 
a sutable device to mdlcate the approach to 
a stall pr,or to loss of control has also been 
mdlcated by various studies of pllot perform- 
ance m recogmmng stalls and approaches 
to stalls 

In 1942, Mr Ralph Upson presented to 
the CAA a stall warmng device for further 
development and evaluation A contract to 
buld a productmn model of Upson’s devxe 
was awarded to the Power Equipment 
Company of Detrolt.Mlchlgan Early labora- 
tory work and fhght testmg were conducted 
at Detrmt by Wayne Umverslty under the 
superv,s,on of Mr Upson and Professor 
Arthur Locke The Upson mdlcator consists 
of a pressure actuator and a visual-aural 
slgnalmg device for use ,n the cockplt The 
actuator is operated by a static pressure re- 
versal which occurs at a pant on the leadlng 
edge of the wmg. dependrng on the angle 
of attack when an approach to a stall 1s 
encountered 

A C-45 airplane was used in the fhght 
testmg. because It was found very adaptable 
for mstallatmn of the necessary equipment 
and because all of the tests performed on 
thrs airplane could apply to most angle or 
multlengme arcraft with or wlthout flaps or 
retractable gear 

Durmg the tnne required for mstalla- 
t,on of the test equpment, the stall wammg 
system was bench-tested to determme Its 
operatmnal lm-nts under Ideal condrtmns 
Tha was also used to develop crlterra for 
evaluatmg the performance obtamed in actual 
fhght testmg A record of all flight testmg 
was made on a ‘IO-mllhmeter (mm) film 
by means of a speaal camera-mstrument 
arrangement 

Th,s report 1s speclflcally an In-fhght 
evaluation of the Upson stall wvarnmg lndl- 
cator, which evaluatmn was conducted at the 
TDEC 

DESCRIPTION OF APPARATUS 

The Upson stall warnmg mdlcator con- 
slsts of the followng four basic parts, as 
shown ln Fig 1 

1 A pressure orifice located I* the 
leadmg edge of the wmg 

2 A chamber dlvlded mto two sectmns by 
a flexible nonporous diaphragm, one side of 
the chamber bang connected by a tube to the 
leadmg-edge pressure orxflce and the other 
vented to atmospheric pressure 

3 A mlcrosw,ltch actuated by a piston 
connected to the center of the diaphragm 

4 An mdlcator conslstrng of a light and 
horn arrangement for both visual and aural 
mdlcatmn and actuated by the afor+mentmned 
mlcroswltch 

In addltmn to the usual arcraft mstru- 
merits. a panel was deslgned to hold mne 
test r,struments mcludmg the Upson stall 
warnmg mdlcator 

1 Air-speed mdlcator, Echpse-Pmneer 
Dlv,s,on of Bendix Avlatmn Corporatmn. 
Type C-14, 0 to 300 mrles per hour (mph) 

2 Dlfferentlal pressure gage. -30 Inches 
of H20 to t30 Inches of H20 

3 sensitive a1t1meter. Kollsman 
Instrument Dlvlslon of Square D Con-oanv. _ .~ 
Type C-12 

4 Dlfferentlal pressure @age. -30 Inches 
of H20 to t30 ,nch;s of H20- .. 

5 Upson stall warnmg mdlcator 
6 Free air temperature gage. Weston 

ElectrIcal Instrument Corporatmn. Type 
AN 5790-6. -50’ to +lZO* C 

7 Angle-of-attack mdlcator, Kollsman 
Instrument Dlnsmn of Square D Company, 
Type No 889-01 

.9 Clock, Waltham Watch Company, 
vpe AN 5743T 1A 



9 Dxfferentml pressure gage, -30 mches 
of H20 to t30 Inches of H20 

The test panel 1s Illustrated m Fig 2, and a 
dmgram of mstrument connectmns 1s shown 
XI Fig 3 

The angle-of-attack transmitter 
(Kollsman Instrument D,vrsmn of Square D 
Ch-npany, Type No 889T)was mounted at the 
end of a boom proJectmg 37 Inches ahead of 
the door on the nose of the alrcraft See 
Fig 4 The power for this transmitter and 
Its mdacator was supphed by the standard 
26-volt, 400-cycle per second (cps) mverter 
of the airplane A specml 70-mm camera 
was used to record the ,nd,catlons of the test 
instruments 

Several varmbles had to be taken Into 
conslderatmn before any actual flight testing 

could be accomplished The chordwulse 
locatmn of the pressure or,f,ces on the wmg 
had to be determrned with regard to a repre- 
sentat,ve cross sectIon of the alrfoxl Span- 
wise, the orxflces had to be located outboard 
of all possible propeller slip-stream con- 
fusion The latter reqmrement had to be 
further consIdered for sllppmg and sluddmg 
attitudes (wherebythe shp stream IS dlverted 
laterally), dependmg upon the dlrectmn and 
mtenslty of the slop or skid After exarn~na- 
tlon of aerodynamx and structural factors a 
positron on the left wmg, Fig 5, was decided 
UPOIl This posltmn corresponds to that 
housmg the red warnmg light. or passmg 
light The warnmg-light shield was replaced 
w,th one of dural at the same locatmn TWO 
slots were cut ,n the aluminum shteld. as 
shown ,n the figure. one for the lower sector 
of the leadmg edge and one for the upper 



Fig 2 Evaluatmn Test Equpment 

To make a complete evaluatmn of the 
stall warmng device, It was necessary to 
explore the exlstmg pressures over the 
entlre leading edge m the predetermmed 
vertical plane The slots were of such 
dlmenslons that the pressure orlflces could 
extend through the opemngs and be adJustable 
up or down as desired In order that the ar 
flow about the leadmg edge would not be 
affected by the slots In the wmg, a pxece of 
flexible alumu-um was mounted with the 
pressure orifice behmd each groove and was 
made movable by theuse of guides The final 
result was a pxr of pressure orlflces which 
were mdependently adjustable wlthout altermg 
anyof the aerodynamic characterlstlcs of the 
wmg m that xmmedlate area The distance 
from the wmg root to a lme mtersectmg the 
lower pressure orifice and perpendxular to 
the man spar was 100 l/4 Inches A lake 

measurement placed the upper orifice at 103 
Inches 

Two copper tubes with flexible hose at 
the ends were used to connect the pressure 
orifices with the stall warnmg actuator and 
the associated pressure gages Tubing was 
Installed m a similar manner to provide the 
test mstrument panel wwlth Pitot static and 
Impact pressures Differentu.1 pressure 
gages were used to measure the pressure at 
upper and lower leadmg-edge onfices This 
was done to elimmate the necessity of cal- 
culatmg absolute pressure from gage pres- 
sure. smce the altimeter was the only means 
of reglstermg atmospheric pressure 

By ventmg the static connection of 
each dlfferentlal pressure gage to Pltot static 
pressure and by ventmg the pressure con- 
nectmn to the test source, absolute pressure 
readmgs were obtamed directly 



Fig 3 Diagram of Test Panel With Pressure Installation Shown Schematically 

The remammg Instruments were used 
to obtam InformatIon pertrnent to the attl- 
tude of the arcraft and to the atmospheric 
conditions prevallmg at the time of the tests 

The stall warnmg actuatmg mechanism 
was mounted with the plane of the diaphragm 
vertical and with the diaphragm piston lmk- 
age of the mxcroswltch parallel to the longl- 
tudmal axis of the alrcraft, m order to 
minlmlze piston movement caused by gravity 
forces resulting from turbulent air 

METHOD OF TESTING 

A flight test procedure was formulated 
in order to cover comprehensively most of 
the attitudes which cause an arcraft to stall 
It was deemed necessary to stall the ar- 
plane by usmg (1) crulsmg power which was 
arbltrarlly chosen as 22 Inches of mercury 
and 1,900 revolutmns per mmute (rpm), 
(2) power off, (3) climbmg and glldmg attl- 
tudes. (4) turnmg with a 30’ angle of bank, 

ht lmes of flight, (6) gear up and 
flaps up and down (30’), and (8) all 

combmatmns of varmus power settmgs and 
lines of flight The followmg flight test out- 
lme was used to dIfferentlate between the 
various stalls In this outlme each stall was 
classlfled as to category, and each category 
was subdIvIded mto flight conflguratlons or 
lmes of flight , 

Flight Test Sequence 

I Straight and level stalls, crusmg power 
(22 Inches of Hg and 1,900 rpm) 

A Climb, gear and flaps up 
B Climb, 30’ flaps 
C Climb, 30’ flaps, gear down 

II Straight and level stalls, power off 
A Descent, gear and flaps up 
B Descent, 30’ flaps 
C Descent, 30’ flaps, gear down 

III Left-turn stalls, cruslng power 
A Climb. gear and flaps up 
B Climb. 30” flaps 
C Climb. 30’ flaps, gear down 
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IV Rxght-turn stalls, power off 
A Descent, gear and flaps UP 
B Descent, 30’ flaps 
c Descent, 30’ flaps, gear down 

V Rzght-turn stalls, crulszng power 
A Climb. gear and flaps up 
B Climb, 30’ flaps 
C Climb. 30’ flaps, gear down 

VI Left-turn stalls, power off 
A Descent, gear and flaps up 
B Descent, 30’ flaps 
C Descent, 30” flaps, gear down 

VII Sllpplng-turn stalls, power on 
A Left-turn stall 
B Right-turn stall 

VIII Sklddmg-turn stalls, power on 
A Left-turn stall 
B Right-turn stall 

~lg 4 KollsmanAngle-of-Attack Installation 

IX High-speed stalls, power on 
A Left-turn stall 
B Rxght-turn stall 

Each picture taken of the test panel was 
titled accordmgly 

Fig 5 Pressure-Orlhce Installatmn 
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The prellmmary problems were to 
determine the optimum locatmn for the 
pressure orlflces and to determme whether 
a semIflush type or a tubular type of orifice 
would give the more accurate pressure in- 
formatIon Graduations were marked on the 
leading edge of the shield adJacent to each 
pressure-orlflce slot The zero or reference 
line (a proJectIon of the chord plane on the 
leadmg-edge contour) was common to both, 
and graduatmns were measured In l/4-Inch 
mcrements up and down from this lme for the 
upper and lower orlflces respectively The 
lower sector was numbered 0 to 5 and the 
upper sector was numbered 0 to 4 Fig 3 
shows the contour of the leadmg edge of the 
alrfoll and shows the pressure opening 
locatlons which were explored Three 
passable locatmns of the pressure orlflces 
can be described The lower sector had a 
dual apphcatlon, as described in Nos 1 and 
2 of the followmg 

1 When placmg the orlflce ln posltlon 4 
or 5, the pressure changed from negative to 
positive as the angle of attack increased 

2 When placmg the orlflce In posltlons 
0 through 3, the pressure changed from 
posltlve to negative as the angle of attack 
Increased 

3 The upper sector had only one apph- 
cation - that of reglstermg a contmuously 
mcreasmg negative pressure as the angle of 
attack mcreased 

The enttlre problem was based on the move- 
ment ofthe stagnatmnpomt and Its associated 
pressure pattern about the leadmg edge of 
the wmg with a change ln the angle of attack 
A diagram of the pressure distribution 
around the leadmg edge of the wmg 1s shown 
In F:g 6 

With these appllcatrons In mmd, fhght 
testing was begun A flight was made for 
each pressure-orifice lccatlon with stalls IA 
and II C used m each flight Pictures were 
taken m order to have an accurate cornpar,- 
son of the results The method used m taking 

Fig 6 Cross Sectlon of Alrfoll In Flaght and 
ShowmgPressureDlstrlbutionAround 
Leadmg Edge 

pictures was as follows As the approach to 
the stall was started the flood lights were 
turned on, and the observer watched the test 
panel to determme when to start the camera 
Pictures were taken at 120 mph, 110 mph, 
105 mph, and every five miles per hour 
thereafter, until the stall warnmg light was 
actuated From this instant unttll the full 
stall was completed. the camera ran con- 
tmuously takmg pictures at the rate of one 
per second In Instances where the warnmg 
did not appear at 81 mph or above, pictures 
were taken contmuously from 80 mph until 
the stall occurred The actual stall was reg- 
istered on the test panel by an lmprovlsed 
warnmg light which was connected to a 
mlcraswltch located on the pilot’s control 
wheel and which was actuated by him at the 
first mdlcatlon of a complete stall Both the 
prellmmary and the final testmg were ac- 
compllshed In this manner After the mltlal 
flight testmg was completed, the films were 
developed and processed to determme the 
orlflce design and location to be used m the 
final test 

DISCUSSION OF DATA AND RESULTS 

Laboratory tests showed that the 
diaphragm and Its associated actuating 
mechanism had pressure operating llmlts 
rangmg from 0 75 to 3 inches of water. de- 
pending upon the spring-tension adJustment 
As a result of poor workmanshIp in the 
manufacture of the actuator, excessive leakage 
occurred The device was reworked in order 
to seal the leaks Further laboratory testmg 
showed that the device was operating wlthm 
limits necessary to permit flight testing 
The warmng-horn portmn of the indicator 
falled early m the program and was dls- 
connected Testing was contmued with visual 
mdlcatxon only 

Several flights were made to determme 
whether the semlflush orlfxe or the tubular 
orifice provided better information After 
the In-flight performance was observed and 
the results were vIewed on film. It was de- 
termmed that the tubular orlflce was In use 
when the most accurate results were ob- 
tamed All further testing was accomplished 
with the tubular type of orlflce 

The actuator spring tensIon was 
adJusted m flight to give a consistent 
warnmg at an arr speed 10 miles per hour 
greater than stallmg air speed for a ‘lYpe 1A 
stall A negative pressure of two inches of 
water proved to be the necessary actuating 
force After several different stalls were 
performed to Insure that the operatmn was 
as desired, the formal test series was 
started Test results are given In Table I 





In this table V, refers to the air speed at 
which the stall warnmg mdlcator was first 
actuated, and Vs refers to the a,r speed 
recorded at the t,me the arcraft actually 

stalled The column 2 gives an Index, or 

ratm, between these two factors Obvmus ly. 
the greater tbls ratm, the greater the stall 
warnmg margm In cases where the margm 
ranges from umty to approx1mate1y 1 05, 
warmng would be considered unsatisfactory 
With the foregomg as a basis for satisfactory 
operatmn, the llsted stalls III Table II were 
not preceded by satxsfactory warmng 

%RVO reasons for these unsatisfactory 
results can be deduced First. the fhght 
condltlons for the final test were not perfect, 
however. the weather condltmns represented 
the average to be encountered rather than 
the exceptmn The second, and probably the 
greatest reason for unsatisfactory results, 
was the poor workmanship in the actuatmg 
mechanrsm In every stall except No VII A, 
whch was a vmlent sllppmg left turn, enough 
negative pressure was regIstered on the 
pressure gage to actuate the mechamsm If It 
had been properly deslgned For mstance. 

TABLE II* 

UNSATISFACTORY RESULTS 
OF FLIGHT TESTS 

Stall Category 

II A 

VI c 

VII A 

VII A (repeated) 

VIII A 

VIII B 

VIII B (repeated) 

VW 
(mph) 

72 

73 

No warnmg 

No warrang 

83 

No warnmg 

No warrung 

70 

73 

90 

79 

83 

80 

85 

1 03 

1 00 

- -- 

- -- 

1 00 

- -_ 

- -- 

*These results are even III greater d&all ln 
Table I 

m stall No VIII A, a neg.&w pressure of 
three Inches of water v,as required to tr,gger 
the actuator It appears. then, that gravity 
forces were causing a cancellmg effect In 
the actuator Gravity and mertla forces 
must be kept to an absolute m,nlmum because 
anarcraft 1s subJected to abnormal attitudes. 
forces, and vlbratlons u, stalls This 1s 
especially true when they tend to nulhfy the 
pressure forces In one mstance. stall No 
VII A (where zero pressure was registered). 
leaks in the actuator housmg were strongly 
suspected as the cause 

It was very mterestmg to note that with 
the bottom pressure or,fice in the No 2 
posltmn and the upper or,flce in No 4 posl- 
t,on. the leadmg-edge dlfferentlal pressure 
gage (No 9 an Fig 3) gave angle-of-attack 
lndlcatlons which were in very close agree- 
ment with the Kollsman vane type of mdrca- 
tor ‘l&z dlfferentlal pressure method gave 
osclllatmns and fluctuations of less magnl- 
tude and frequency but gave very qluck 
response to any abrupt change m angle of 
attack 

CONCLUSIONS 

The results obtamed from the varxous 
fllght tests mdlcate that the pressure rever- 
sal method of actuatmg a stall warnmg 
dewce has conslderable merit It was found 
that m severe sl,ppmg and sklddmg turns 
adequate warnmg was not obtamed In spite 
of the madequate warmng. however, there 
was enough negative pressure regIstered to 
operate a properly deslgned actuator 

It 1s reasonably certar. that a more 
carefully desvgned pressure chamber (cast 
or machmed of heavier metal, equipped with 
the pressure fittmgs attached m a more 
posltlve manner. or even made an integral 
part of the chamber) would have given much 
more reliable operatmn It also appears that 
better adJustmat of the actuator pressure 
l,m,ts could be had If the mlcroswltch were 
made movable parallel to the axis of the 
actuator piston Changmg the sprrng tensmn 
agamst the diaphragm by means of a screw 
and wng-nut arrangement was unsatisfactory 
If the movement of the draphragm were Op- 
posed only by a sprmg of known constant and 
If the piston clearance were adJustable Inthe 
suggested manner, the negative pressure that 
wollld be required to actuate the switch would 
be a direct functmn of the sprmg constant 
In th,s manner the pressure llmlts needed to 
actuate the mlcroswltch could be Increased. 
allowmg a greater flexiblllty of mstallatmn 


