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By Dernold Blivas and Burt L. Taylor, III 

SWY 

Performance data obtained with recording.oecillographs are pre- 
sented to ohow the transient response of the General Rleotrlc 
Integrated Electronic Control operating on the 547 RXl-3 turbo- 
Jet engine over a range of altitudes from 10,000 to 45,000 feet 
and at ram pressure ratios of 1.03 and 1.4. These data represent 
the performance of the final oontrol coxnYguration developed after 
an investigation of the engine transient behavior in the NACA altS- 
tude wind tunnel, Oscillograph traces of controlled accelerations 
(throttle bursts),oontrolled decelerations (throttle chops), and 
controlled altitude starts are presented. 

INTRODUCTIOIV 

An kvestigation of a General Electric Integrated Electronic 
Control on a 547 turbojet engine in the NACA altitude wind tunnel 
was undertake at the NACA Lewis laboratory at the request of the 
Air Materiel Command to determine the following: ' 

1. Steady-state and transient characteristics of the engine 
operating with and without reheat over a range of al%-- ._. _ 
tudes and flight speeds '. 

,,;,. " 
2. Operation of the Integrated electronic control 

3. The nature of the fundamental revision8 of the control con- 
figuration required to obtain optimum controlled 
response. 

. 
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., -Rasultk of the preliminary operation of the controlled engke 
indicated that modifications of the control were essential in order 
to obtain ffltiafactory performance at altitude. An analysie W&IS 
therefore conducted on the HACA electronic analog computer. The 
re0dt0 of this analysie indicated Chang88 that could be made to 
varioue control circuits to improve engine operation. The modi- 
fications that oould be readily incorporated into the control 
were made and evaluated by determining the performance of the 
controlled engine. 

,m ..,,. The gurpoee of this repc)rt is to present data showing the 
ogeration of the cbntrol configuration with the incorporated modi- 
f icatione. Therre data were obtained on June 14-15, 1950 and axe 
Presented in the form of oscil lozeanh records of the primary engine 
&d control variables during tra&i&t conditions 
Data presented include controlled-altitude starts 
both engine and afterburner to burst and chops of 
selector throttle. 

of operation. 
and response8 
the thru6t- 

of 

En&B3 typ. - Gas turbine 547 RXl-3 with a variable area exhaust 
nozzle 

Control. - General Electric ategrated Electronic Control Con- 
figuration Number 6-L4-50 

Bigine mounting;. - NACA altitude wind tunnel of 200foot-diameter 
test section 

Iymnts . - The following table indIcatea the instruments used! 

..,. I’ ” 
,, ‘-’ 
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__ .________._____._________.. ---__,-_- -.._ - .- 
~'prassient inetzruntntati~ti~ " 

I- 

i 

temper- 
I 

loop 
ature thsrmo- 

couple 
ThYPUfYk IS~ixl 

gage on 

i 
main 
engine 

1 support 
Fuel-valve wire wound 

' position 
TafL-pipe WSre wound 

area potenti- 
ometer 

I 8 

Dynamic 

(equK%ent 
time 

constant) ---. --.- 
'0.04 sm.5 

____ .~.....__ 
3.02 8ec 

3.25 sea ai 
average 
sea-level 
m&83 flow _-__- ._._-.. - .- -- 

L0el3 than 
0.002 6e0 

Less than 
0.002 set 

t 

;ssa than 
0.002 mc 

t 

I 

3 

Instrument 

:,ij 
alternate' 
current 

-- -- .-- -. 
Bourdon-type 

ewe 1 

I'hermocouple on 

potentiometer 

1 

The transient responses of the primary engine variables a6 
measured on the multiple-channel direct-inkzIng oscillograph were 
calibrated by use of the steady-state instruments. The oscillograph 
chetrt was run at a epeed of 2.5 unite per second. 

.,I .,1 ! 
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WindmIlling starts. - With the engine windmllling at leas than 
2500 rpm the thruet-selector Leverwae advanced to the full dry 
position and the iignition switch wae cloeed. Records were made of 
the automtically oontrolled start and acceleration to full dry 
thrust l 

Bursts and Chopa. - With the engine operating in a ateady- 
state condition, the thrust-selector lever was manually advanced or 
cut back in a step-wise manner to produce a buret or chop. Runs 
were made with operation confined to either the dry or wet region, 
a8 ~011 as runs involving operation in both regions. Records were 
made of these automatically controlled accelerations and decel- 
eratPonss 

RESULTS 

The results of the engine and control transients are shown on 
oecillograph records as traces of fuel-valve position, thrust, 
compressor discharge pressure, tall-pipe area, engine speed, and 
tail-pipe temperature. During any transient in the reheat region, 
a trace of reheat fuel-valve position replaced that of compreesor 
diecharge pressure. 

Initial and final operating levels of the variables, as wel.l 
as simulated flight conditions, are indicated on the osclllograph 
records. On the speed traces in which initial and final conditions 
are identical or where oscillatory behavior was encountered, a 
scale factor (gads) for the traces are indicated. 

During dry operation of the engine, the fuel-valve position 
is given in degrees. When operating in the reheat region, actual 
fuel flows are indicated on the fuel-valve-position and reheat- 
fuel-valve-position tracee. Figure l(a) ie a calibration curve of 
fuel flow against fuel-valve poeition. 

The operating level of tail-pipe area is indicated on the 
A&:*2. traces in volts. Figure l(b) $18 a,-ca;LSb~tl~--~curve.o~,tha-e~ust- 

nozzle area against the indicator readings. 

Absolute values of jet thrust have not been calculated, but 
the transient records provide an indication of the relative thruet 
at any time. In figure 2, the nominal schedule of thrust for any 
thruet-selector position in the dry region of operation is shown. 

‘1’ 
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The controlled engine operation is shown graphically in fig- 
ures 3 to l3,which are arranged according to Table I. 

Lewis Flight Propulsion Laboratory, 
National Advisory Committee for Aeronautics 

Cleveland, Ohio, July 10, 1950. 
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I&mold Blivas, 
Aeronautical Research Scientist. 

Burt L. Tiylor, III, 
Aeronautical Research Scientist. 

Approved: 

r John C. Sanders, 
Aeronautical Research Scientist. 
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" Eugene W. Wasielewski, 

Aeronautical Research Scientist. 
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TABLE I - TABULATION OF TRANSIENT RESPONSE TRACES 

1; 3 1 
l-e Type of run rhrust-selecto: 

gositlon (deg 
Lltitude 

(ft) 
Nominal 

Tarn pressure 
ratio 

10,000 1.03 
15,000 1.03 
25,000 1.40 
35,000 1.03 
45,000 1.03 

I “igure 
I lumber 

Lutomatlcallg controlled 
start and acceleration 
to full dry thrust 

3(a) 

st:; 

:t:; 

Rutomatlcally controlled 
acceleration from 
;g.stto full dry 

4(a) 

:I:; 

%I:; 
4(f) 

10,000 
15,000 
25,000 
25,000 
35,000 
45,000 

1.03 
1.03 
1.03 
1.40 
1.03 
1.03 ~-.- 

4utomatlcally controlled 5(a) 15,000 1.03 
acceleration to full 5(b) 15,000 1.03 
dry thrust rlth nozzle 5(c) 45,000 1.03 
locked 5(d) 45,000 1.03 

Inlt 

: 
0 
0 
0 

10 
10 

i: 
10 
10 

10 
10 
10 
10 

g 
/ 

:” 
.: 

I 
I L 
1) 

t (: l!y 
I! d!, 
(1 
1 

\utomatlcally controlled 
acceleration from 
various throttle 
positions other than 
idle 

15,000 
15,000 
15,000 
25,000 
25,000 
25,000 
25,000 
45,000 
45,000 
45,000 

1.03 
1.03 
1.03 35 

:: 

E 
24 
55 
23 

:: 
55 
55 
90 
90 
55 
90 

!Fi 

1.03 
1.40 
1.40 
1.40 
1.03 
1.03 
1.03 

Lutomaticallg controlled 
accelerations from 
full dry thrust to 
full reheat 

90 
90 
90 

110 
110 
110 

25,000 
25,000 
45,000 

15,000 
25,000 
25,000 

15,000 
25,000 
25.000 

1.03 
1.40 
1.03 

1.03 
1.03 
1.40 

90 
90 
90 

--- 
--- 
--.. 

1utomatIcally controlled 
accelerations from 
full dry thrust to 
partial reheat 

U.atomatIcally controlled 
acceleration In the 
reheat realon 

- 
--- 
--- 
--- 

-a.. 

--- 

-em 

1.03 
1.03 
1.40 

I 
1.03 Lutomatlcally controlled 

aoceleration from 
6000 rpm to reheat 

-me 

110 
110 
110 
110 

w-m 

t% 
90 
90 

10 

t: 

;: 
10 

35,000 

15,000 1.03 
25,000 1.03 
25,000 1.40 
45,000 1.03 

:itg 
::I:; 

Lutomaticallg controlled 
deceleration from 
full reheat to full 
dry thrust _ _ ._ - 

Lutomatlcally controlled 
deceleration from 
full dry thrust to 
Idle 

1.03 
1.03 
1.03 
1.40 
1.03 
1.03 

::1:; :zg; :sjt;; 
ztba,, ;1:,’ 

10,000 
15,000 
25,000 
25,000 
35,000 
45,000 

10,000 
15,000 
25,000 
35,000 

1.03 
1.03 
1.40 
1.03 

:: 
0 
0 

Lutomatically controlled 
deceleration from 
full dry thrust to 
thrust-selector 
position of zero 
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8,000 

6,000 

4,000 

2,000 

I I 
0 

Fuel valve position, cieg 
(a) Fuel valve position. 

Figure 1. - Calibration curves for J47 RXl-3 turbojet engine. 
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(b) Nozzle position indicator. 

Pi,gure 1. - Concluded. Calibration curves for J47 RXl-3 turbojet 
engine. 
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Figure 2. - Nominal schedule of jet thrust to thrust selector position for General Electric 
z!+egrated-electronic control on J47 RX14 turbojet engine. 

.-- / 
.‘. :‘, .‘, 

-. .-_( __  -..--,. ,-I, ~’ 



” 

t 
-‘_,. 1 . . '. 

Flgum 3. - AutOIDPticaL? 

. : . . . . 

_ ._- __._ ._..__,_, .._‘_ -.._ 
_1 ._^_( “._ _ 

.^..  - .-..:--’ _-... :  



a 3. - AutdmPtlcal~~ controlled start and acceleration to full drfthrust. (Can& apeed 2.5 divlaiona per aeeo+.) 
. ‘. I----.(: _ Ci -. ~- .2, ., 

:.. . .- .-~ -. -.-.. -. .-. 
.._ _  .,..a _... i . . .._ .^. . . _._. . ..-. 

.-. .__._ ;- ,a,_. L: .._-. .2< .._. .,.” .-_ -.. -.- ,: _  ._ ~_.__“. -..-.- -. . 
_.i .-_... . 

. . _i .,.. - 1. 



+&’ . .  _  : .  .;*:.’ .  .  

-Fe- , .  : . .  . .  , .  ” .  .  
,_  - .~- - - . , -~- -F.~ i <y’-“~“‘7’-“-. -  - .  



I.- 

_’ . :. y;: y .++s;9;y II . . . . :_ . ._. .: . . . . r ..*.:;<.. .~.I +~+?z 
.,.+ .,,*_. ,._ .-.x;.-:~.- $i, ?. ~ -n.i”~~~-~~~l,,s~:2:~~.: ;, .:.. i’; ‘̂  ,~ : -, +:..?,.: :5x:- :..;., .?L :g+. ._ :~;+.+++:~g& 

,;““‘~y; :y,.*r..r.. - 
: c . 

.- :.‘-. . . . . : 
,,, ,,,..:i-:‘:.,~~.~~;.; C’ ’ -’ : ’ Figure 3. -_Contlrmed._-liut~tlc: 

.-_..i_. _.-. I. . _,' .:?;a 
:,, ;, T.i.2l.c:lg .G.?; "5: : '. _' / -.' ., _ ::, I'- :y' . . I ..ryY .:..~&:~,*.i-'..-'. >'- . . . . _- . ,.. _: .-.: -. ..i....;.,. .: ;.; >:I _ .Y'- - *"<. "' T-Y . . I: .I- :< -. ,_ ' .:, -~T.,'.:lc. . . . . . .>J*' -_ _. ,, 



iinued. Automatically controlled start and acosleratlon t6 full dry thrust. (Chart speed 2.5 diriaions per becolw 

__ ,_. _ :. ,._ .~ _ , . . _ ...I-. .._ i ._... -. . .- ..-. _ 

!! 
j r i w 
\; 
;j: 
;- F. J . 
i-- .: k &. 
f k 77 
‘E E 
5 

c 1-z 
Ii 3 

1 _- 7 
E 3 
? 
1 
k 3 



‘). ,, 1.L .:.; ..:- .:.I:. _- 

:ions per second:), ._ _  

.,. . . - 

.  .  
,  

_.  _  , :  ._. . .  --- -...- 
.  ..” ~. _.  ” .  _. .  _  

-i _-. 

, 

_.-.-.-. 

.  

I_ 

- .  -  - .  

..:. ,. 

.. 
_a .  . 

^ : 
-_. . 

., 
.-.:-“-1’ ., ‘. .- ‘. 

_ :_ 



NACA RM SE50G 12 12 
._ 

2 Jet th 

(c) Altitude, 25, ram pressure ra 
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Jet thrust - 

Figure 4. - Automatically controlled acceleration from idle speed to full dry thrust. 
(Chart speed 2.5 diviflions per second.) 
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(b) Altitude, 15,000 feet; nominal ram pressure ratio, 1.03. 

Figure 4. - Continued. Automatically controlled acceleration from idle speed to full b dry$hrust. 
(Chart speed 2.5 divisions per second.) 
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Figure 4. - Continued. Automatically controlled acceleration from idle speed to full dry thrust. 
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(b) Altitude, 15,000 feet; nominal ram pressure ratio, 1.03; nozzle locked at 20 volts. 

Figure 5. L Continued. Automatically controlled acceleration from idle speed to full dry thrust with nozzle locked. 
(Chart speed 2.5 dlvlslons per second.) 
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(c) Altitude# 25,001 

Figure 8. - Cckcluded. Automatically controlled accehratlo. 
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Figure 9. - Autoaaatically controlled acceleration i 
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(a) Altitude, 15,000 feet; nominal ram presakw rati'o, 1.03. 1 
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" Figure 11. - Automatically controlled deceleration from full reheat to full dry &hrust. (c&ad apeed 2.5 divielone per second.) 
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(d) Altitude, 45,000 feet; nominal rem preesure ratio, 1.03. 

Figure 11. - Concluded. Automatically controlled deceleration from full reheat to full dry thrust. (Chart speed 2.6 dj 
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(b) Altitude, 15,000 

Figure 12. -. Continued. Automatically controlled decehrati 
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~celerrtion fra full dry thrust to.tbru& aelector po8ltion 0r O". (Chart rpeed 2.5 divlalon8 per second.) 
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1 rsm pressure ratio, l-03. 

hrust selector posit ion or O”. (Chart apeed 2.5 diqimlon8 Per aecond.1 
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(b) Alf.ltude, is,000 rm; noatlnal ram pressure ratio, 1.03. 

. Autanetlo~lly controlled deceleration iran full dry thrust to thrust selector poaltlon of O". (Chart speed 2.5 divi 
. 

‘. 

:  



- 

_’ 

‘. ‘. 
_. :  

.  ..__ _.--.. .-- 
.  

.  57 

- 

c speed 2.5 dlvlsidns per second.) 
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Pigure 13. - Continued. Automatically controlled decelerat: 
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