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Data 
Date of occurrence Occurrence _place Operator 

21-02-2017 Porto Rico Helicorp Inc 
Aircraft type SIN I Rt!9_istratiora 

AS35083 3228 I N413LP 
Engine type SIN TSN TSO 

ARRJEL2B 22082 1809 N/A 

Accessories 
Designation, PIN S/N Work performed TSN TSO 
HMU 0292861320 7018 

Assy valves 4078 Tests N/C N/C 
0292958050 

Circumstances reported to SAFRAN HELICOPTER ENGINES 
While performing an autorotation training flight, during the power recovery phase, the pilot reported an 
overspeed and completed the autorotation by carrying out a hard landing. 
On the ground, the presence of fire was observed in the engine compartment. Jt was contained thanks to 
extinguishers. 

Conclusion 
The tests performed on the HM U and on the assembly valve did not reveal any discrepancy able to explain the 
event. 

The simulations performed by Safran HE design office were able to show that in case of twist grip activation 
towards the full range ("flight" mode to "emergency+" mode) the free turbine over speed unt il blade shedding 
event was reachable . 

VALIDATION APPROVAL 
DATE {M,:~kd ~ DATE v+ f r 0 vi!. ~t "' ~_g~zo11- .J> '2...> -<r 6 *1- Zo~t..z.orr- D w, /Tcff-

ENR 0699_1 Page 1 / 14 
This docuiTI6nt and the information contain&d are Safran Helioopter Engln&S property and shall not be copied or disclosed to any third party 
without Safran Helicopter Engines prior written authon·zafion. 



INVESTIGATION REPORT REF: TEA_RA2017-033_1 

S AFRAN _____________ H_eli_co_:...p_te_r E_n~gi_ne_s 

Table des matieres 

1 

2 

3 

4 

Introduction 3 
1.1 Date & Location of the HMU and Assy valve tests 3 

1.2 Attendees 3 

1.3 Other information 3 

1.4 Brief overview of engine modular composition 3 

preliminary checks 5 
2.1 Equipment& box 5 

2.2 Visual checks 5 

tests 6 
3.1 HMU 6 

3.2 Assembly valve 7 

HMU simulation 9 
4.1 Required engine power 540 kW (Based on VEMD data and AH calculations)_10 

4.2 Required engine power 660 kW (Based on VEMD data and AH calculations)_11 

4.3 Required engine power to reach blade shedding level 12 

4.4 Simulation tool 14 

5 Conclusion ____________________ 14 

Page 2/14 



INVESTIGATION REPORT REF: TEA_RA2017-033_1 

S AFRAN _____________ H_el_ico-..!..p_te.....;.r E.:......n~gi___;ne_;_s 

1 INTRODUCTION 

The HMU and assembly valve were on the engine Arriei2B s/n 22082 which was on-board 
of helicopter AS350B3 registration N413LP which suffered a serious incident in Puerto Rico 
on 21 February 2017. 
In relation with the event, these two equipment were tested to check if they have any 
discrepancy, which has allowed an overflow and therefore a free turbine overspeed. 

1.1 DATE & LOCATION OF THE HMU AND ASSYVALVE TESTS 

Date : 1Oth May 2017 
Location : SafranHE, T amos plant France 

1.2 ATTENDEES 

The following organisations were present during the tests: 
BEA 
French Airbus Helicopters 
French SAFRAN Helicopter Engines 

1.3 OTHER INFORMATION 

N/A 

1.4 BRIEF OVERVIEW OF ENGINE MODULAR COMPOSITION 

The Arriel 2 is a modular engine composed by 5 modules. 

The module 01 is composed of an accessory gear box (driven by the gas generator) and a 
transmission shaft housed in a protection tube which connects the reduction gearbox to the 
accessory gearbox. 
The module 02 is a single stage axial compressor. 
The module 03 is a single stage centrifugal compressor with an annular combustion chamber 
and one axial turbine. 
The module 04 is a single stage power turbine. 
The module 05 is the reduction gearbox with three stages of helical gears. 
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2 PRELIMINARY CHECKS 

2.1 EQUIPMENTS BOX 

The HMU and the assy valve were delivered by SEA to Tarnos in a sealed box with BEA tape 
and also labels. 
The box was opened in presence of the attendees of the investigations. 

2.2 VISUAL CHECKS 

Assembly valve HMU 

The assembly valve and the HMU are in good condition but quite dirty. 
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3 TESTS 

All the tests were performed with requirements for new equipment. 

3.1 HMU 

Information: 
Automatic mode: DECU controls the engine 
Mixed mode: DECU compensates pilot input on the twist grip until it reaches its mechanical 
stop 
Manual mode: the pilot controls the engine through the twist grip 

Rotative effort Limiter 

The HMU was found in good condition. It was installed on a test bench to perform tests. 
The first step was to verify the position of the rotative effort limiter. This part receives the power 
requested by the pilot in mixed mode and in manual mode (twist grip input). It was found clutched 
which is the nonnal position in operation. 

The following tests were performed: 

Automatic curve 
See HMU tests page 2 table 2 .1 

In normal operation the engine operates with its DECU in automatic mode. The fuel flow is 
delivered to the engine accordingly to the automatic curve. 
On this curve two points (at 20 and 25 1/h) are slightly out of tolerance. This out of limit, which is 
under idle level, does not explain the event. 
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Manual curve 
See HMU tests page 8 table 7.1 
This fuel flow Q versus P3 (air pressure at centrifugal compressor outlet called P2 or P3) curve 
is used when the engine is in manual mode and also in mixed mode to protect the engine from 
stall events. 
The fuel flows are within limits. 

Clutching areas and clutch transmission system 
See HMU tests page 11 to 13 tables 11.1 to 11.3 and 12.1 and 13.1 and 15.1 

These checks are in relation with the possibility of using manual and mixed modes. The checks 
show that clutching is possible in the tested conditions. 

Maximum fuel flow on mechanic stop 
See HMU tests page 3 table 2.7 

This mechanic stop is an engine protection by limitation of the maximum fuel flow possibly 
delivered by the HMU to the engine. The maximum fuel flow associated to its mechanic stop is 
compliant. 

Transient curve on ground and on altitude 
See "Courbe altitude et sol" 

These curves are about engine stall protection during quick acceleration. 
A fuel flow (CH) limitation is done versus P2 value. 
The acceleration must be within the upper blue curve (stall protection) and the lower green curve 
(slow acceleration). 
These curves are used in manual and mixed modes. 

The ground and altitude curves are partly out of limits and do not exceed the maximum fuel flow. 
The consequence is a reduction of the stall margin protection. 

HMU tests conclusion: 
The discrepancies found are not noticeable. 
None of the discrepancies found could explain a free turbine overspeed. 

3.2 ASSEMBLY VALVE 
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The following picture shows the different parts of the assembly valve and the different functions 
at each phase (stop, start, nonnal running, shut~down). 

Starting: 
When start is selected, the start electro-valve and the stop electro-valve are electrically supplied. 
The valves open and permit the fuel supply to the start injectors. 
When there is sufficient pressure, the pressurizing valve opens and fuel flows to the centrifugal 
injection wheel. 
When the engine reaches self-sustaining speed the electrical supply to the start electro-valve is 
stopped. The valve closes the fuel supply and opens the P2 air supply to ventilate the start 
injectors. 

Normal running 

In this condition the fuel is supplied to the centrifugal injection wheel and the start injectors are 
still ventilated with P2 air. 

Shut-down -Injection wheel purge 

When Stop is selected: 
The stop electro-valve is energised and closed 
The pressurizing valve closed 
The injection wheel is no longer supplied with fuel 
The engine shuts-down 
The sudden but brief pressure rise, upstream of the stop electro-valve, causes the stop purge 
valve to temporarily open against its spring. The residual fuel is the returned to the tank. 

As the fuel pressure decreases, the stop purge valve closes under the action of its spring. 
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I 
I 
I 
I I 
I 

jsHUT-OO'r'VN -INJECT1ott WHEEL PURGE I 

FUEL VALVE ASSEMBLY- OPERATION 

The first check was to verify the position of the shut off valve: it was found in closed position 
(normal position after engine shut down). 

Assembly valve tests page 1 Table 1: 
The pressure difference between start injectors (SID) and Injection wheel (SIP) is slightly out 
of minimum limit. The consequence is that the injection wheel receives the fuel slightly before 
normal operation. It has no consequence on engine operation. 

Assembly valve tests page 3 table 6: 
The leakage through the injection wheel (SIP) is out of limit. This happen during the start 
sequence. It has no effect on the engine governing. 

The pressurizing valve, the start electro valve and the purge valve operations were found 
compliant. 

4 HMU SIMULATION 

The purpose of this chapter is to explore the possibility to reach the free turbine blade shedding 
speed in mixte mode in relation with the VEMD data. And also to evaluate twist grip and collective 
pitch values necessary to match NR and torque value recorded in the VEMD data. 

The following calculations were performed with the HMU s/n 7019 characteristics. Pressure 1013 
mbar; temperature 26°C. 

Page 9/14 



INVESTIGATION REPORT REF: TEA_RA2017-033_1 

SAFRAN _______ _ _ ____ H_e_lico---=-p_te_r E_n..::..gi_ne_s 

Information: 

The required fuel flow is adjusted by a stepper motor actuator called "MPP" I Stepper Motor which 
activates the fuel flow needle (see here under schematic). This stepper motor could move from 0 to 
530 increments ("inc.MPP"). Then it is on its mechanical stops. 
"Alpha manuel": this is the twist grlp position on the HMU; The correspondence is oo to 40° on "alpha 
manuel" to oo to 92° on the twist grip beyond the flight notch {0°). 92° is the twist grip mechanical 
stop 
TG: twist grip 
CH: fuel flow 
XPC: collective pitch 

N 

i- -------------
1 

I 
.. 
f 

t i 
, I 

toi 

4.1 REQUIRED ENGINE POWER 540 KW (BASED ON VEMD DATA AND AH 
CALCULATIONS) 

On the VEMD, when NG A discrepancy occurred, the Failure 1/10 registered TO 75.3% and NR 513 
rpm. With these data Airbus calculated a required engine power equal to 540 kW. 
The here under curve started at neutral mode with 150 kW power (the reached power and NR would 
have been the same starting at hovering power 280 'r<)N; power calculated by Airbus). 
In these conditions, between twist grip oo and 41 o the DECU/ HMU were able to compensate a twist 
grip action until the stepper motor reaches its stop {0 inc.MPP). Between twist grip 41 oand 69° the 
fuel flow increased to 241 1/h. 
The fuel system was able to reach 540 kW engine power and 513 rpm for XPC value equal to 38% 
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and twist grip position of 69° above flight notch. 

With the collective stick position corresponding to XPC value of 38%, the rotation of the twist grip 
from the flight notch towards the "emergency +" mode will first lead to a HMU compensation to 
maintain the nominal main rotor speed (390 rpm), then it will lead to the limit of the HMU 
compensation and to the main rotor overspeed (513rpm reached for twist grip 69°). 

ARRIEL 28 : d~bft doa& (llh) fonction du manuel. pour plusieul'$ valeur de posHion MPP 
350~-~---~--~--~--~----~--~---.---.---~ 

200 
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.. .. - r· __ ] - + --- _ _[ ------
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·--r·--· · ~ ~!!r: -~~~-·1· ---------t· --------
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: : ! I 
I t I I 

.~--~--~--~~--~---~ I 
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50 

alpha manuel (") 

Fuel flow versus twist grip for different stepper motor position 

Alpha man Twist grip 

0 = 0 
10 = 23 
20 = 46 
30 = 69 
40 = 92 

4.2 REQUIRED ENGINE POWER 660 KW (BASED ON VEMO DATA AND AH 
CALCULATIONS) 
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On the VEMD when Invalid NF discrepancy occurred, the Failure 2/10 registered TQ 87.5% and NR 
545 rpm. With these data Airbus calculated a required engine power equal to approximately 660 kW. 
The here under curve started at neutral mode with 150 kW power (the reached power and NR would 
have been the same starting at hovering power 280 ~;power calculated by Airbus). 

The fuel system was able to reach 660 kW engine power and NR 541 rpm for XPC value equal to 
39% and twist grip position of 80° above flight notch. 

-10 0 10 20 30 5I 
alpha manuel (•) 

Fuel flow versus twist grip for different stepper motor position 

4.3 REQUIRED ENGINE POWER TO REACH BLADE SHEDDING LEVEL 
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The blade shedding speed is around NR 574 rpm (146%). To reach that value the required 
engine power is 770kW, for collective pitch within the range of 38-39% of the 2 previous cases 
( 540kW and 660kW). 
The here under curve started at neutral mode with 150 kW power (the reached power and NR 
would have been the same starting at hovering power 280 KW; power calculated by Airbus). 

Then XPC was increased within 2 seconds to 38.5% whereas the manual was activated to twist 
grip 92° within two seconds. 
Between twist grip oo and 41° the DECU/ HMU were able to compensate a twist grip action but 
between twist grip 42° and 92° the fuel flow increased to 326 1/h. 

The fuel system was able to reach 770 kW engine power and NR 57 4 rpm for a collective pitch 
value of 38.5% and a twist grip value of 92°. 

This simulation evidenced that the pilot had the possibility to reach the blade shedding speed by 
turning the throttle towards the full range. 

ARRIEL 28 :debit dose (1/h) fonction du manuel, pour plusieurs wleur de position MPP 
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Fuel flow versus twist grip for different stepper motor position 
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4.4 SIMULATION TOOL 

The simulation tool is not validated to such level of rotor speed, nevertheless it allows showing 
that the engine acceleration until the free turbine blade sheading speed is possible in mixed mode. 

5 CONCLUSION 

The tests performed on the HMU and on the assembly valve did not reveal any discrepancy 
able to explain the event. 
The simulations performed by Safran HE design office were able to show that in case of twist 
grip activation the blade shedding event was possible. 

HMU tests 
Assembly valve tests 
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TURBOMECA 
COMPONENT MAINTENANCE MANUAl 

0292928++0 

HMU SIN; ~tB W/0: TEST OF HP/LP PUMP 
AND METERING VALVE 

1. Test of the HP/LP pump and meterlna va!ye psembrv IT ASK 73-23:()3-703.001) 

A. Ch!i!Ck of the metering valve ~nd load limiter alignment jo "neutral notch" posjpon 
(TASK 73-23-03-n3-001 l 

Tab'e 1.1 I 
-Initial conditions I Tlok off I D 

lA I I I D , I a accepted C ± 0.8° 

I B I I Aal I .s; 1.6 I 
II c I f I E f J a acoepted C ± o.s" 

For the test, refer to TASK: (73-23-03·773-{)01) Date: Stamp: 

I 

73 .. 23-03 
HMU NOTE BOOK 

Page39 
Nov. 30/2012 

l ite information ln~ in lhit mnal is <llve!9d ~ lhe nodoe appearing on lhe infamllliCIIl page 



TURBOMECA 
COMPONENT MAINTENANCE MANUAL 

0292928++0 

HMUSIN: 7otB W/0: 
TEST OF HPILP PUMP 

AND M ETERJNG VALVE 

I B Adlusbnent of meterina valve flows In auto mode (TASK 73-23-03-773-001) 

Tabl8 2.1 I 
HPILPpump 

.Actuator Resolver ~ In • Ptes1111re (kPe) Q(llhr) 
speed 

II 

l f ~~ '&i O'lQ.. I ~~ m 
~ e e ] l~i =''D ·!§ <J "C 'C 

. > g~ J!!~e 
Ill 

,§: Joe- ~ J 3 CD 

~-§ CI)~C~ II>- cr; 
::!; !g. a.. ~!:! ......r C( c.. ..... 

10 1,188 000 0 353± 0.8 350 so 
-5 

16.5 1,960 014 .20 356.5 i-0.8 350 4:!:2 

25 2,970 01E 30 358.2 i 0.8 ~3&. 370 -to~ 13 +2 
- 3 -1~,:1-

28 3,327 028 40 0 ±0.6 C'>to'l. :E5 ur 20±2 ~~ 
I 1 30 3,565 02E 46 1.05±0.8 f'f,o!) 400 12.. 4 25±2 Z-1.-' 

45 5,345 03C 60 3.5± 0.8 [~.,~ 430 2.fJ 37±3 ~S" 

£:f1> 
>270 4B S7 6,773 049 73 5.77±0.8 475 3o•r 46±3 

88 8,()80 064 100 10.5 ± o.e -t~~ 560 4.2-D 64±4 6) 
75 8,912 oac 140 17.5 ± 0.8 1~4-, 740 4.~ -a 82±4 14 
81 9,625 084 180 24.6±0.8 z.*"' rs 920 ''4 108±4 lo-:1 

85 10,100 ooc 220 31.5 ±0.6 ~,,,' 1,140 
> 520 

CfO 
130 ± 4 \~Z.. 

90 10,695 104 200 38.5±0.8 ~1p·'4- 1,350 b cS ~ 157:1:4 I~ 
92 10,932 12C 300 45.5:1:0.8 14. r. 'S'il 1,580 6~3 183±4 ru,r 
95 11,289 154 340 52.5 ± o.a f2~ 1,800 1'2.' 210.5± 4 2.f1-
98 11,645 17C 360 59.5:1:0.8 ~,~, 2,060 '~" 2.. 

238±4 2.~ 
100 11 ,883 1A4 420 66.5 :t 0.8 6,,1.1- 2,380 ?-~"1 265±4 41 
101 12,000 1CC 460 73.5±0.8 1~1-' 2,e60 :1~2. 294±4 '~(r 
102 12,120 1F4 500 80.5±0.8 "e.o.•)lp. 2,900 'Svl· 318±4 32.0 

~tiS 
>720 

330 ··~ 2 102.5 12,100 212 53tl 85.75 ± o.e 3,110 ~U'S ~~~ 

For the teat, refer to TASK: (73-23-03-77~001) Date: Stamp: 

73-23-03 
~ ill'oonalion lrx:luded in INs manual is ~d by the noke appearing an the informalitY~ page 

HMU NOTE BOOK 

Page 40 
Nov. 30/2012 
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HMU SIN: :fbi~ W/0: 
TEST OF HPILP PUMP 

AND METERING VALVE 

C. Reading of the metering valve flow in automatic mode. in a decreasing range 
(TASK 7~23-03-773=001} 

Tabla 2.6 

HP/LPpump Resolver a Press 
Actuator ure a (1/hr) speed (degrees) _ikPal 

-~ E 
'iii '0 f1 gpl! 

CliL c'"': 

'E 
Gl- .s -~ <I "Q ON 

~ "'~ E '0 
i!~ 

'0 
0. Cl) m 'OIIl g St: ·o II) CD II) C1 m 

:B:ZS ....... 
~ ~ 

(~:" g!~e lj ~ l!! 0::: ::r:o ~ o a :E ~ 0:::~ 
Q. ., 

102 12,120 1F4 500 80.6 ± 0.8 i~l>) 2,900 ~,, '3-., ?--

98 11,645 17C 380 59.6 t0.8 ~9,1~ 2.060 24' 'L ~~ 

92 10,932 12C 300 45.5±0.8 4r,9' 1,580 t~o .. r l1t,S'" 

68 8,080 064 100 10.6 ±01! -'lq.l ~ 560 ~r;~ 6r 
30 3,565 02E 46 1.05 ±0.8 .-1 .. i ~ 400 ?...1-;r '2.1;) 

D. Adjustment of the metering valve max. fuel flow to the mecbanical stoQ 
CTA§K 73-23=03·773-D01l 

Table2.7 

i~ID 
Ill N • 

~~i 
~~ 
<l 

b 

+ 
4 

t:>, 'i-

b,4-

- Set point value: 245, resolver« read A l l Theoretical: 94.7 ± o.a• 
• Set point value: 24 7, resolver ~read B/ I Theoretical: 95 ± 0.8° 

"D 
CD c.)( 
~-., 
~ 

<l 

13 

9 

6 

5 

4 

X 
'--

[HPILP _pump speed Actuator Resolver« {dec.) Pressure {kPa) Q(l/hr) on mechan. stop 

CD i• ~~ 1! 
E' E ~ci ~ -~ g . - ~ 41 I= ~: ~ -s 

Q. 

102.5 12,180 245 581 IAcJjusted: ~~~ 1' 

For the test, refer to TASK: (73~23-0l-773--001) 

F !! 4i ~Q_ 

j~ii 
c:t-c ·c; <I '"0 ., 
5 ~ .Jl!~~ lll 

!>~~ Q_'- ~~ 
a:: 

..J 
'0 

3,350 lot '3(( 

Date: Stamp: 

73-23··03 
HMU NOTE BOOK 

Page45 
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TURSOMECA 
COMPONENT MAINTENANCE MANUAL 

0292928++0 

W/0: 
TEST OF HP/LP PUMP 

AND METERING VALVE 

E. Check Qfthe meteriog valve fuel flow. following actuator de-enernization 
I (TASK 73·23.()3-TI3-001) 

A 

NOTE: After the actuator de.energization, the metering valve fuel ftaw must not Jnaease by 
more than 2 1/hr. 

Tsbl•2.8 

Speed Actuator Resolver a.{degrees) 

& s"C 
8.~ iii -- 'E E ,~ ~ 

~ i- ~ 

~ 'i j~ ~ • !l! 
X 0 ., 1-

:X: 

100 11,683 1M 420 66.5 ±0.8 l(,~~ 

100 11,883 ~66.5 ± 0.8 ~f'"O 

For the teat, nrfer to TASK: (73-23--03--773-001) 
D11re: 

Pressure 
Q (Lihr) 

(kPa) 

[» ~~ "C 

{§Ill :J "C ! at ~ • I a! 
Ill J Qj ~ E:! ll: 

~ ~c. 
"'C 

Ql/hr 

2,380 2-Ctt 7... 266 ±41/hr 

Read: 2..'+£ L 
s Qrel + 

21/hr 

Stamp: 

73- 3··03 
HMU NOTE BOOK 
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HMUSIN: 7orr, W/0: 
TEST OF HP/LP PUMP 

AND METERING VAlVE 

F. Check of AP constant operation for N ranging from 5J800 to 6,3QO rum and 
6.25(1 to 5,800 rpm wiltt a flow of 461Jhr (TASK73-23--03-773-001) 

Table3.1 

Set point value 
Metering valve 

Res. alpha N Flow read downstream 
for actuator pressure 

Hexa read Degree read rpm Vhr kPa 

¢1.&.h ~19 6,100 46 ± 0.5 475 

Table3.2 

lneteasing N Decreasing N 

Metering Metering 

Q 1/hr valve 
llP Q llhr valve 

N (rpm) downstream downstream 
pressure pressure 

5,800 4,, ~ 4,1- '"' 
4;to 

5,850 

5,900 

5,950 

6,000 

6,050 

6,100 

6,150 

6,200 

6.250 

6,300 4?, I 4 1~ - ...... 

AP 

kPa 

&P 

a max. (1/hr) Read; 4-?;, {for Increasing end decceasing N) 

Q min.{Vhr) Read; 6_(, 

(Q max.~ Q min.) llhr = Calculated: II j 

For the tes1, refer to TASK: (73·23-03--773-001) 
D11te: 

(for ~ncreasing and decreasing N) 

Accepted :s; 2.5 Vhr 

Stamp: 

73-23-03 
HMU NOTE BOOK 
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Nov. 3W2012 

The int'ormaliln lncludi!d in ftls ll'lBI'LIIII is eototel8d by the ncU:e ~earirlg Cf'ltlle ilformatian paga 



HMUSIN: 7olf) 

TURBOMECA 
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0292928++0 

W/0: I TEST OF HPILP PUMP 
AND METERING VALVE 

G. Check and adJustment of the mjcrosw1tch operation to the nootm! notch -Automatic and manual 
I moae QASK 73::23-03-773:()01) 

Table4.1 

lnltf•l conditions 

Set point value for 
Resolver ex (degrees) a (Vhr) Bo.)llights 

actuator 
Manual control 

Acquisition to the neutrBl Neutral 
notch Hex. Decimal Theoretical Read Read of metering 

notch, valve 
resolver a 

auto mode 

oo 154 340 52.5 ± 0.8 OFF ON 

Check of laver released from neutral notch position, in the aooeleratlon range 

Metefing valve resolver a for signal acquisition Sox lights 
wflen contro• lever released from neutral notch 

Acquisition Neutral notch, 
position auto mode 

Accepted: s 54.5 Read: 5"}, if ON OFF 

Check cf retum to neutral notch position Jn AUTO mode 

Accepted: 'S 54.5 J Read: r J( t:J. ON ON 

Check of lever released from neutral notch posmon, In tht deceleration range 

Accepted: ~ 50.5 j Rea('l: >I .. .rr ON OFF 

Check of return to neutral notch position In AUTO mode 

Accepted :~ 50.5 I Read; ~ 2r f( ON ON 

H. Rotarv load limiter. Check of mechanical stops: full flow stoP and engine shut-down 
I (SU!HASK 73-23-()3.773-001) 

~· To be read during the tests. 

Table5.1 

!Neutral notch of the rotar:l Low stop 
(engine shut-down), load limiter 
deceler.aUonrange 

o· 30.4 mm ± o.o5 

oo jRead: "3-o,. ( 

For the test, refer to TASK: (73-23-03-773-001) Date: 

"ea<t. 

Full flow stop. 
acceleration n!!lnge 

+22.33mm ~ 

2l, .. .r 
Stttmp: 

HMU NOTE BOOK 
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TURBOMECA 
COMPONENT MAINTENANCE MANUAL 

0292928++0 

HMU SIN: loti? W/0: TEST OF HP/LP PUMP 
AND METERING VALVE 

I. MJustmentofthe entt-tiame out stop (A). Check. of the fuel flow at IDWStOQ > 21 Uhr (8). Ch§tk of 
!he protection dtvice dutm transmission system at low flow c-> ITASK 73-23=03;:773-001 l 

Initial conditions before engaging the clutch transmission system 

Teble 6.1 I 
Set point values to be set 

Automatic mode, neutral notch position 
Adjueted 

acceleration 
Actuator set Metering limiter. 
point value valve resolver Q (llhr) P3to be set 

(hex.) a read in kPa 
212 i',t+- >310 800 
154 ~I, :f i 2.1o 460 

056 8rl4 t;"L, 1 130 

l\4A ,, ~' ~~,.I 130 

I· 04.4 130 

45.5 

Tabte6.2 

Conditions to be set 

c Automatic mode, neutral a 
notch position 

Actuator Metering Metertng 
set point valve Q (lfhr} valve Q (1/hr), Q (1/hr), 

value resolver a re$olver read accepted 
(hex.) angle a angle 

read read 

212 21~Qs40 

154 Sl,<J> "Z.f3 
056 g,' ~~~~ 

04A (~t?.J ~£ 

L I Read . 
45.5 

For the test, refer fD TASK: (73-23-03-773-001) 

Metering 
valve 

resolver 
a angle 

read 

'2,.-(1-

2..,~, 

"l..., ~3 

"l..,..'3b 

2{40 

Clutch torque 
read on tool 

(N.m} 

...,~ 

2._L 7-
2, z... 
L~r 

A 

a (l.lhr) 
read 

,~ 1_.. 

~,,t 

)',( 

?4 

;~,t 
Accepted 
32$0~0 

Stamp: 

APin 
kPa, 
read 

73-23-03 
HMU NOTE BOOK 
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TURBOMECA 
COMPONENT MAINTENANCE MANUAL 

0292928++0 

HMUS/N: kl6 W/0: TEST OF HPJLP PUMP 
AND METERING VALVE 

I J Adlustmenl of 1he acceleratfQ!lllmiter to max stoo =relative trP3) (TASK 73-23-03-n3-oo1) 

Table 7.1 

P3 Mel valve 
Hexa set 

Metering 

N (rpm) 
Q 

relative <fownstream 
point resolver a Q (Vhr). valve.1P 

{1/hr) pressure in rwd (kPa}, 
ltPa kPCI value read read 

read 

lnldat values to be set, before the ctutdl device Is engaged: rack to neutral notch -light ON 

11,829 147 345 1,200 l?Fo SJ;04 '14 1-
Values below to be set after engaging the dutch 

Q(llnr) read"' lncn!aslng f(P3) 
device 

P3 Metering valve 
N (rpm) relative downstream Q (IJhr), to be obtained a (1/hr), read 

kPa pressure in kPa 

8,0..11" 103 770 83 ° -a g),. r 
10,171 174 920 D 

104 -11 9~t1 
11,098 

M 
11. 

~ 
237 1,120 0 

131 -13 ,z.,, 
EO 345 1,500 0 11-o 11,829 I 180 - 1:1 

l3 
222 0 l-1'2.. 11,673 £ 44Q 1,820 15 

12,000 
' 

536 2,270 ?5Q 0 ..• - 16 2 rc 
12,138 618 2,600 292 -~5 2~ 

12,180 734 3,110 336 J ·~'3D 

Table 7.2 I 
Position of 

Hex. s~l 
Metering Metering valve 

the read 
point value 

valve 
Row in41hr downstream P3 relative 

velue of a resolver pressure, read kParead 
<:Oiltrol axle value '"'rut a angle In kPa 

28.8° ±0.8 > 110 
0° neutral oco Read: Read: ~ 990 380 

"l...'t~t ..r'Z.. '), 
AoceleralAor Read: 75 J 

range OCD Adjusted: 62.:1 0 
22.33mm 8~,' 

For the test, refer to TASK: {73-23-03-773·001) 
Dat~: St.np: 

73 .. 23·03 
Ttle infa'matlon Included In lhis manual Is c:overa:1 by lha nollce appearing on lle lnfcrrnBIIoll page 
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HMUS/N: 7q~ 

TURBOMECA 
COMPONENT MAINTENANCE MANUAL 

0292928++0 

W/0: 
TEST OF HPlLP PUMP 

AND METERJNG VALVE 

I K. Sealing test between the fuel chamber and P3 body (TASK 73:2~03-77~001) 

I Table8.1 

jnck off 0 

For the teat, refer to TASK: (73-23-0~773-001) 
Date: Stamp: 

73-23-03 
HMU NOTE BOOK 

Page 51 
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HMUS/N: "7619 

TURBOMECA 
COMPONENT MAINTENANCE MANUAl 

0292928++0 

W/0: 
TEST OF HPILP PUMP 

AND METERING VALVE 

L. C!led< of the dutch transmission system, in the acceleration range. for P3 rojn .• wjtb lever in 
neutral notcb ooslfjon CTASK 73-23.{)3-773.()()1) 

rablo 9.1 I 
P3 

Meter1ng Hex. 6et Au1o light 
N (rpm) Q(Vhr) valve point Resolver Q (Vhr) ON 

relative downstream value a read read (kPa) pressure read Tick off 
(kPa) 

Condition to be set before the dutch device is engaged: 

9.800 120 388 990 1 0 I 
Table 9Z 

Set TestA TmB 

P3 relative kPa Auto right 
Clutch torque, 

ON OFF 
Tick off Tick off In the aa:eleraUon range~ 4.5 N.m 

Read: 
110 0 
120 0 ::J 
130 0 D 
140 
150 0 
160 _U 
170 c:: 
180 C D 
190 

200 D 
210 '--

220 w 
230 D 0 
240 

Values to be set after the ctutch device is engaged· Values to be read: 

1 1ble 9,3 

P3 relative 
Metering valve 

N (rpm) kPa 
downstream 

pressure 

Q llhr 
Meterill) 

a 1/ht read valve 1\P 
requested 

(kPa) 

12,180 734 3,110 338~ 
-8 

For the teat, refer to TASK: (73-23-03-773-001) I D•ts: J Stamp: I 

73 .. 23 .. 03 
HMU NOTE BOOK 
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TURBOMECA 
COMPONENT MAINTENANCE MANUAL 

0292928++0 

HMU SJN: ""fdll) W/0: 
TEST OF HP/LP PUMP 

AND METERING VALVE 

I N Checlt of the oratedion clutch irl Q max = ffP3) iT ASK 73-23-03-773-001) 

Tabla 11.1 
Metering 

P3 valve Hex. set a of a (1/hr) Metering 
N (rpm) Q (1/hr) relative downstream point resolver valve~P 

kPa pres.sure value road read 
read 

(kPa) read 
(kPa) 

Condition to be set before the clutch device is engagt~d: 

11,752 131 .7 287 1,080 OD~ 3-4, or 1'31,~ 
Clutch torque, neutral notch position In the 

~3N.m J Read: I,~ acceleration range: 
Values to be set after the clutch device is Values to be read enaaged 

P3 Metering valve 
a metering 

Q (Vhr}, Metering 
valve Q (Jihr), N (rpm) relative downstream resolver to be Read valve~P 

kPa pressure (kPa) 
read 

obtained (kPa) 

12,160 734 3,110 ~ 3,lb 338 +{) 
- 8 3 2.~ 

Table 11.2 
Metsrlng 

P3 valve Hex. set a of 
Q (lltY} Metering 

N (rpm} a (llhr) relative downstream point resolver valve&P 
kPa pressure value read read read 

(kPa) read 
(kPa) 

Condition to be set before lhe clutch device is engaged: 

11,752 149.4 325 1,240 c;Fz.... ~.r;'3 , ( ,, 
Clutch torque, neutral notch poeition in the 

s3N.m J Read: lc 7Z-acceleration range: 
Values to be set after the dutch deY ice Is Values to be read engaged 

P3 Metering valve 
a metering Q (llh), to Metering 

N {rpm) relative down81ream valve be 
Q (Vh), 

valw AP 
kPa pressure (kPa} resolver obtained Read 

(kPa) read 

12,180 734 3,110 f)('> 338 -+() 
-8 31() 

For the test, rater to TASK: (73-23-03-713-001) 
Date: StBmp: 

73-23··~03 
HMU NOTE BOOK 
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TlJRBOMECA 
COMPONENT MAINTENANCE MANUAL 

0292928++0 

HMU SIN: tot f3 W/0: 
TEST OF HP/LP PUMP 

AND METERING VALVE 

Table 11.3 

P3 -ingvalve j He)(. set a ortne Q (llhr) 
Metering 

N (rpm) a (lhlr} relative downs1ream point value resolver valve &P 
kPa pressurl! (kPa) ret!Cl read 

read 
(kPa} read 

Condltlon to be set before the dutch deYice is engaged: 

11,752 173.3 373 1,450 I -11 ~ 4 2,14 t?),,.. 

Clutch torque, neutral notch pos4tlon in the acceleration range: [ ~ 3 N. m ReacJ: '1. , I 
Vatues to be set after the clutch dev-ice ts engsged Valu~ to lffl reed 

P3 Metering •.:alve aofmett!ring Q (1/hr), 
Q (1/hr), Metering 

N (rpm) relative down!t~m IJressure valve resolver to be Read valveAP 
kPa (kPa) read obtained _ikPa' 

12,180 734 3,110 i4 33e~ 
-8 3 '!>L. 

0 . Chg of the clutctl tram;mission system to acceferation for metering valve flow in auto mode 
20 llhr Make 6Ure the flow obtained is > 320 1/hr CTASK 73·23-03-773-()01) . 

Table12.1 1 
ManLJal conlroiiO the neulr8l notch Manual control lever on a max. stop 
CondHion to be set after clutching Check a > 320 llh 

Actuator ex of the Clutch Metering a of the 

set point metering a to be torque on P3 a (llh} a 
valve .6P 

metering 

value \'.·!~~ 
set 20 llh C.m ~ 3 

(kPa). rearl (llhr) 
(Kpa) 

valve 
resolver set read resolver (hex.) 

read N.m read read 

02.4 ?f9, 3i Read: Read: 
734 

'?.Z. T 
3,110 ~~~ 14' ltD a :> 320 

P. Check of th~ dutch transmission svslem engagement in !he deceleration range for OEI30s 
ISA + 38 with a mamin of+ 20 llhr lT ASK 73.23.03-773-001 ~ 

Table 13.1 

Metering valve 
Position of a (Vhr) downs!ream 
the radc to be a {lilT) read pressure (kPa), (mm) set 

to be set 

Initial condition: Manual control lever to the nevtral notch 

0 151 .7 ~)II "7- 1,240 

Clutch torque on C.m ~3N.m 

Check, C.m in deceleration range 

22.33 ~'~'-} 500 
Accepted 

32<a<50 

For the tnt, refer to TASK: (7~23--03-77J.001) I Date: 

Meterin a of the Set point gvalve P3 metering value for liP (kPa) to valve actuator (kPa) beset resolver, 
read read (hex~ read 

287 3,,.~ 1±_ o Fg 
Read: 1, 9 

100 t...L tr 

j Stamp: J 

73-23-03 
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TURBOMECA 
COMPONENT MAINTENANCE MANUAL 

0292828++0 

HMUSIN: -;z~u} WfO: 
TEST OF HP/LP PUMP 

AND METERING VALVE 

a. Check of return to auto mode after manu! sbyt=down CTA§K 73-23-03=773-001 l 

Table 14.1 

Teet conditions Chad< return to auto mode 

Rack!nthe Actuator 
a of metering set point Rack: to light ON In dece/era1ion value neutral notch auto mode valve reson.-er 

range 
(hex.) read 

30.4 mm 056 0° ±0.05 Yes ~ 'lcr7-
Light OFF Tick off 

R. Check af lhe dutch travel areas dudna shut-dCr.Nn and check of the return to the neutral notch in 
auto mode CTASK 73-23-03-773-001 l 

Table15.·t J 
s;2 Check of 

Initial conditions to be set before clutching ret~.rn to au to mm mode 

e c Actuator set Actuator set Actuator set Resolver a Resolver o: light Light 
~ 81ii a read 

- > point value point value point value acoepted l't!ad OFF ON 
~ ~ ~.!! 

::J- (hex.) obl. (dec.} (hex.) E: 
I'D 
::! Tick off Tick off 

A Deoer. 04A 74 ~6.05 ,,:;y Rl ,, ro 0 
A1 Accel . 04A 74 ~6.05 '(" ru 0 ,,.,u GJ 
B Decel. 056 66 >< >< m 'S,:t-1- ~ 

B1 Accel. 056 86 >< >< ~ !, 1l9 [!) 

Accepted Read Obt. 

c [)ooel. S062 Ol"L 10.05 ~ ~,Cl... ~ 
C1 Accel. S" 062 ore.. 10.05 kJ <),~" ~ 

For the 1Ut, tafer to TASK. (73-2J-.03.n3-001) j Date: j St11mp: 

HMU NOTE BOOK 
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TURBOMECA 
COMPONENT MAINTENANCE MANUAL 

0292828++0 

HMU SIN: tv( I) W/0: TEST OF HP/LP PUMP 
AND METERING VALVE 

I S. Leak test through a'r vent of the HPILP oump Shaft sulina cjng ITASK 73:23;03:T73-Q01) 

Tablo 16.1 I 
Manual control to neutral notch 

Actuator set point value 212 
(he:x.} 

Priming pressure Metering valve Leak 
at the LP pump N rpm downstream accepted 
Inlet (rei. k.Pa} pressure ~ 4 ml/hr 

160 0% 0 0 

50 0% 0 0 

so 102.5 o/o 12,180 3,110 

I T. Cbeck of the drain valve operation ITASK 7~23-03•773-001) 

Table 17.1 I 
24 S 0 5 33 

Valve open, drain flow in Vhr 
Read: 

150~ kPa 
Drain valve closing 

Read: 

3 drop~. max. in 60s 
Drain valve sealing 

Read: 

I u . External sewtno testot tbe HPLLP Dump assv <TMK 73·23-()3.773-001) 

Table 18.1 

- External sealing {no leakage observed) 

I v . Sealing test of P3 chamber under 16 ;: kPa (relatiVe prenure} ITASK 13-23-03:n3-001) I Tabla 2D.1 

~3 chamber is tight I Tick oft 0 

For tfle wt, refer to TASK: (73-23-{)3-713-00 1) I Date: J Sramp: 

73-23-03 
The information included In thll manual is c:cwertd by Ins ncta appeal1ng on the lnbmalion page 
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HMU SIN: 7o(B WfO: 
TEST OF HP/LP PUMP 

AND METERING VALVE 

W. Check of the sealing ring of the HP/LP cump CTASK 73-23-03-n3=0P4l 

Ti1ble21 .1 I 
Air pressure relative to lhe air vent ring circuit Sealing of the ring 
{kPa) 

18 +Z 
-tO I Air pressure OK 0 OKO 

X. Check of the resisting tornye of the HP/LP pump <TASK 73=23:03-773~001) 

I Tablo22.1 

D 
Y. Check of lhe bonding resistance for a 10 A tasting current ITASK 73-23=03-465·CX)2) 

Tllbl~2l.t l 
Bonding resistance between the resolver 

< 2.5 mn connector end the seating face 

Bonding resistance between the actuatQI' < 2.5 mel connector and tt1e seating faoe 

Bonding resistance be1ween the mic;roswitch 
connector and the seating face <2.5m0 

Bonding resistance. between the fuel LP <2.5mn pressure sYiitch connector and lhe seating face 

Bonding resrstanoo between the pre-blockage <2.5mn pressure swft.ch connf:clor and tt'ie seating face 

For the teet, r~er to TASK. (73-23-03-773-001 > I~... 0_"_
16
_ .. _____ --l,_s_ta_mp_ : ____ ____: 

n. inbmation inducled in thi~ manual is WY1I'8d by lfle nllllce appearing oo1he in~ page 
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HMUSIN: ;t,,~ W/0: 

REJECT OF PARTIAL BENCH No.---

Problem met during the test 

Comments: 

Partial test bench operator 

Comments: 

Repair perfonned on tho HMU 

Comments: 

Assembly operator 

I o.te: 

'Dale: 

I Date: 

lEST OF HPILP PUMP 
AND METERJNG VALVE 

Code 

,~: 

Code 

Code 

,-., 
73-23-03 
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Page 60 
Nov. 3012010 

The Information Included In this manual I~ oo.ered ~the ndice app&ll'ilg on the lnfmnalion page 



DATE OPERATEUR CONTROLEUR 
11/0512017 SARRIAS 

COURSE-TABLEAU 
ARRIEL2B 

Limiteur d'accel~ration (AL T/TUDE) 

Sj-r!-j-j-rl!~T-~1=4~~~~+=~ 
i I 

130+-+-+---+-!t--+--+--+---+---v-H---+---+---7'~--+--+--
1 

~+--+--r-~~--~-+--+-~--~~~--+--+--r-~~~+-

8 m s m a s m a m ~ • m ~ ~ a ~ a a 
P2~aJ 

N•JndMduer 
de l'ene.mblo : 

Valeura Initiates : 
CH: 38.0 
P2: 181.3 

Valeura flnalea : 
CH: 145.7 
P2 : 449.0 

7019 

0292861320 

Vh 
kPaabs 

1/h 
kPaabs 

TURBOMECA 
Selon CCT : 73.23.03 - Edition : 26 

TM233&G001 • TL0327P101 • TL0322PX04 



DATE OPERATEUR CONTROLEUR 

11/0512017 SARRIAS 

Um;teur d'acceleration (SOL) 

110 
I 

i 

! 

COURBE ... fABLEAU 
ARRIEL2B 

! ! I 0 0 

~+--~--~--~~--+0--+i--1-~--~--~-r--"~~--~0--~ 
30 I i I I 0 l l ! i 
~ ~ ~ • • ~ ~ • B a ~ ~ ~ ~ • • 

P2lfl .. 

N" lndlvlduvl 
def.naemble : 

Valeura Initiates : 
CH: 37.2 
P2: 182.0 

Valeurs finales : 
CH: 254.5 
P2 : 863.8 

7018 

0292861320 

Vh 
kPaabs 

1/h 
kPaabs 

TURBOMECA 
Selon CCT : 73.23.03 - EdlUon : 26 

TM2335G001 • TL0327P101 • TL0322Px04 



TURBOMECA 
COMPONENT MAINTENANCE MANUAL 

0282968++0 

18/N: f4o1-, fwJO: J ( TEST OF THE VALVE ASSEMBLY J 

1. Iftt arondure of the varve assembly (Task 73-1 Ht-770=901 l 

NOTE: During the tests, the adjusted valve assembly must be installed In the horizontal position on 
ttle test bench. 

A. Check of the pressurizing wlw calibration {Sub-Task 73-14-01-770-011) 

I · Stop electro-valve open 

I - Start ele~valve energized 

Table 1 1 
Flow through SIP ll.P between SID and SIP (kPa) 

(!Jtu) Accepted Read 
··~ 

20 300 s: llP ~ S20 'Z.. "4 
350 450 s .6P s 550 !;"O) 

B. §taling of the pressurizing valve (Sub-Task 7~14-01-77CHl14) 

1 - Stop electro-1181ve open 

I - Start electro-valve energized 

Table 2 I 
Pressure in SID (kPa) Leakage accepted through SIP Leakage measured 

(lnlr) 

150 0.04max. ocf~ 
I C. Cbeclc. 9ftbe stminer and stop electn>-vai'VQ ll.P (Sub-Task 7~1 4-01-nQ-015) 

I - Stop electro-valw open 

1 Start electro-valve energized 

Tabla 3 

FlOw through SIP .6P between EC and SID (kPa) 

IJhr Accepted Read 

350 <200 -i?-1 

For the test, me.r to Task: (73-14~01-770-001) I Date: 

VALVE ASSEMBLY NOTE BOOK 

7'3-'14-01 
The 8'rftflnaton included in !hts manual is coveted by1he ootic.e appetring 111 !he informsticn page 

Page 11 
Apr. 30/2006 



TURBOMECA 
COMPONENT MAINTENANCE MANUAL 

0292958++0 

lsJN: J 4o7(? Jwto: J I TESTOFlliE VALVE ASSEMBLY J 

I D. Check ofthe s1art electro-vat'l8 (Sub-Task 73-1 4-01-nG-01 §) 

1 - Stop elea~va£"e open 

1 - Start ele~valve ae-ene~gized 

- SID tool valve clOSed 

Table 4 

Flow through SIP Pressure in EC Leakage through P2 air vent 

(llhr) (kPa) Accepted Read 

I Start electro-valve 35 915 !0 p ~ 1 025 10 drops max. 1J~ energized 

E. Check ottl'Je SID 1uel sealing <Sul>Iask 73-1+01-TID-018) 

I - stop electro-valve open 

I stan etec:tro-valve de-energized 

TabJe~ I 
Pressure in EC Flow ~ugh SIP 

(kPa) (1/hr) 

500 2() 

1,000 .51j 

3,800 150 

For the tast. refer to Tuk: {73-14-01-770-001) I Date: 

Leakage through SJO 

Accepted Read 

5 drops ~~~ 
Sdrops -i~J"'-"!o... 

5drops 4.~1~ 

_......_s_ta_mp_: __ -~ 

VALVE ASSEMBLY NOTE BOOK 

73-1 4·-01 Page 1~ 
Apr. 3012008 
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TURBOMECA 
COMPONENT MAINTENANCE MANUAL 

0292968++0 

Js/N: (4 o :f- ~ J W/O: J I TEST OF THE VALVE ASSEMBLY 

I F. Check of the .stoP electro-vai1J8 (SutrTask 73-14-01·770=017) 

1 Stop electro-valve open 

1 · start electro-valve de-energized 

1 NOTE: Do not re-open the stop electro-wiiJe when the wfve assembly iS under pressure. 

Table 6 
J 

Aow (IJtn-, Set SIP (kPa) 

Theoretical 3.50 jFJow read: 3.ro 3,700 

I ·Disconnect the SIP pressure gauge; close tne stop electro-valve and record. 

Pat EC (kPa) Leakage through automatic drain stop time 
(kPa) 

Accepted Read Accepted Read Max. Read 

5,200 max. 4411.} 20cm3 max. 1... 40ms 3,,,.; 

• Record the leakage through SIP 

Le4ikage through SIP ln 1 mn 

Accepted Read 

10 drops max. 

I I Stop electro-\18Jve closed YesD NoD 

F. Elctemalsealing c:heck (Sub-Task 73-1 4-01-770.018) 

I Sealing conforming YesO NoD ] 

For the test, refer to Task; (73-14-01-770·001) 
Date: ~mp: 
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The irfll"'T1alion i'lciUded In lt!is 1118111/al is oovered by lhe MliCI! appeamg on lhe ll~lioo page 
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fSJN: I 4v1~ fw/o: J l TEST OF THE VALVE ASSEMBLY J 
REJECT OF PARTIAl- BENCH No.---

Problem met during the test 

Comments: 

Partial test bench operator 

'Date: 

Cc~etive O<:tfon Implemented 

Comments: 

joate; 

Repair pelformed on the valve assembly 

Comments: 

Assembly operator I Dlle! 

7 
The inlmnation Included In 11115 manual is ctMred l:1j d1e notice aw-Ing on the inlomwl1ion pege 

Code 

,~ 

Code 

!Stamp: 

Code 
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