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'l"igtlr~ 131. T.evel Fligh~ Vibratl0n Comparison l

j - - --._! I 1---- ~-- - I
ll/R~v VertIcal Vih. at 13/R~v Vertical Vib. at 1'3/Rev Lateral vib.~tI3/R~v Vertical Vib. atl

I
FS 50 RL 33 Rip:ht i FS 50 RL '33 Right , FS 95 BL 0 _I FS 320 BL 44 Left .

True I ----l ~ Pilot I
Airspeerl I ~ i I Ratings

i VADI2 FFT3 i VADI i FFT l VADI i FFT ! VADI FFT i
I I ----,- I -+--- I I I

I I I I ("I I I 1 I ! I· I (~~ II (knots) ! m I (~) (~) _L) I (~) I ~) I (%) ~~~)~~~__I__(%)~ _ (~) ! (VRS)4

33.5 32 0.022 0.013 I 30 I 0.075 I 0.056 'on l<n.L.SOi O.Ol? i (30 ,1<0.15:)1 0.040 I 3
43.5 30 0.02! 0.019 (30 (0.075 0.037 <30 <0.4501 O.n23 <30 <O.lSe 0.027 3
52.0 33 0.023 0.018 (30 (0.075 0.024 <30 1<0.4501 0.007 (30 <0.150\ 0.019 3
62.0 38 0.027 0.023 <30 (0.075 0.026 <30 (0.450\ O.OOfi (30 <0.150 0.021 3
72.5 3R 0.027 0.023 (30 <0.075 0.042 I <30 <0.450, 0.016 (30 <0.150 0.022 3
85.0 I 39 0.027 0.022 30 0.075 0.052 <30 <0.450 0.022 <30 \<0.150 0.025 2
96.5 38 0.027 0.021 <30 <0.075 0.046 <30 <0.450 0.031 <30 <0.150 0.025 3

107.0 37 0.026 0.022 <30 (0.075 0.052 42 0.063 0.058 <30 <0.150 0.025 3
118.5 38 0.027 0.024 (30 (0.075 0.038 32 0.048 0.056 (3D (0.150 0.024 3
128.0 38 0.027 0.024 (30 (0.075 0.039 38 0.057 0.066 (30 (0.i50 0.044 3
140.0 32 0.022 0.019 30 0.075 0.055 54 0.081 0.091 <30 ,(0.150 0.069 3
150.0 30 0.021 0.017 34 0.085 0.092 68 0.102 0.100 <30 <0.150 0.099 4
150.5 <30 (0.021 --- 45 0.113 --- 65 0.098 --- 30 0.150 --- 5
171.0 <30 (0.021 0.011 90 I 0.225 0.208 95 0.143 0.134 48 0.240, 0.225 6
180.0 <30 <0.021 0.008 107 0.268 0.249 105 0.158 0.167 50 0.2501 0.236 7

NOTES:

IGross weight = 34,600 Ih, Longitudinal Center of Gravity = FS 329.9 (~ID), Density AltItude = 4880 ft,
Fr~e Air Temperature = 17.5 Deg C, R~tor Speed = 225 rpm, Ballast and Instrumentation Syst~ms Installed.

2VADI = Vibration Amplitude and Direction Indicator, reading in percent of limit in Acceptance Test Procedure.
3FFT = Fast Fourier Transform method of processin~
4VRS = VibratIon Ratin~ Scale
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Figurt! 132. Climbing Flight Vibration Comparison 1

I 3/Rev Vertical Vib. at 3/Rev Lateral Vib.at 3/Rev Vertical Vib. atII/Rev Vertical Vib. at
i FS 50 BL 33 Right FS 50 BL 33 Right FS 95 BL 0 FS 320 BL 44 Left

True i Pilot

Airspeedj Ratings

I
VADI2 FFT3 VADI FFT VADI FFT VADI FFT

I (VRS)4I .... ) (g) (%) (~) (g) (%) (g) (g) (%) (g) (g)(knots) i (%)
i
I <30 <0.075 0.041 <30 <0.045 0.026 <30 0.04133.5 i 32 0.022 0.021 (0.150 3 I42.5 I 34 0.024 0.023 <30 <0.075 0.042 <30 <0.045 0.026 <30 <0.150\ 0.035 3

52.0 i 3R 0.027 0.024 <30 <0.075 0.036 <30 <0.045 0.013 <30 <0.150 0.033 3

I62.0 I 40 0.028 0.025 <30 <0.075 0.040 <30 <0.045 0.015 <30 <0.150 0.034 3

73.5 40 0.028 0__ 024 <30 <0.075 0.038 <30 <0.045 0.016 <30 (0.150 0.032 3

I86.0 I 38 0.027 0.023 <30 <0.075 0.037 <30 <0.045 0.014 <30 <0.150 0.027 3
97.0 I 38 0.027 0.023 (30 <0.075 0.042 (30 <0.045 0.035 (30 <0.150 0.027 3

107.0 i 3R 0.027 0.022 <30 <0.075 0.028 30 0.045 0.047 <30 <0.150 0.012 3
119.0 i 40 0.028 0.024 <30 <0.075 0.019 35 0.053 0.050 (30 (0.150 0.025 2
128.5 i 37 0.026 0.022 (30 <0.075 0.033 41 0.062 0.067 <30 <0. 150 1 0.048 3
140.0 i ,5 0.025 --- <30 <0.075 --- 4R 0.072 --- <30 <0.150 --- 4
148.5 I 30 0.021 0.012 34 0.085 0.074 45 0.068 0.079 <30 <0.150 0.105 4
160.0 i<3° <0.021 0.005 45 0.113 0.128 72 0.108 0.103 37 0.185 0.181 5
168.5 1<30 <0.021 0.008 90 0.225 0.219 106 0.159 0.156 60 0.300 0.274 8

i

NOTES:

1Gross w~i~ht = 33,560 Ih, Longitudinal Center of Gravity = FS 330.4 (MIn), Density Altitude = 4880 ft,
Free Air Temperature = 17.0 Deg C, Rotor Speed = 225 rpm, Ballast and Instrumentation Systems Installed.

2VADI - Vibration Amplitude and Direction Indicator, reading In percent of limit In Acceptance Test Procedure.
3FFT - Fast Fourier Transform method of processing
4VRS = Vibration Rating Scale
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Fi~ur~ 133. Descending Flight Vihration Comparison1

I I/Rev Vertical Vih. at 3!Rev Ve~Lcal Vih. at 3/Rev Lateral Vib.at 3fRev Vertical Vib. atlI FS 50 BL 33 Ri~ht FS 50 -BL 33 Ri~ht FS 95 8L 0 FS 320 8L 44 LeftI True
,

Pilot
Airspeed Ratin~s,

VADI2 ¥FT3 VADI FFT VADI FFT VADI FFTI
I

(knots) (%) (g) ($1:) (%) (g) (~d (%) (g) (g) (%) (g) (g) (VRS)4

- -

30.0 35 0.025 0.021 45 0.113 0.094 ' <30 n,n45 0.nS0 <30 <0. 150 / 0.122 I 4
41. () 32 0.022 0.021 30 0.075 0.()5~ 32 0.048 0.037 (:]0 (0.150 0.062

I
3

49.0 40 0.028 0.024 40 0.100 0.0~3 42 0.063 0.072 (30 (0.150 0.088 4
60.5 38 0.027 0.023 30 0.075 0.081 38 0.057 0.058 <30 <0.150 0.082 3
72.0 32 0.022 0.020 42 0.105 0.011 40 0.060 0.070 <30 <O.iSO 0.087 3
83.0 42 0.029 0.026 30 0.075 0.078 44 0.066 0.067 <30 <0.150 0.070 4
94.5 40 0.028 0.025 35 0.088 0.094 58 0.087 0.087 <30 <0.150 0.075 4

107.0 38 0.027 0.024 32 0.080 0.078 58 0.087 0.086 00 <0.150 0.055 4
116.5 35 0.025 0.023 <30 <0.075 0.064 60 0.090 0.088 <30 <0.150 0.04S 3
130.0 32 0.022 0.019 30 0.075 0.071 55 0.083 0.091 <30 <0.150 0.056 3
138.5 30 0.021 0.017 30 0.075 0.067 60 0.090 0.095 <30 <0.150 0.079 3
148.5 30 0.021 0.017 38 0.095 0.093 91 0.137 0.124 00 <0.150 0.102 4
158.5 <30 <0.021 0.006 52 0.130 0.124 85 0.128 0.127 30 0.150 0.132 5
170.0 <30 <0.021 0.004 78 0.195 0.193 88 0.132 0.132 43 0.215 0.194 I 6

-

NOTES:

lCross weight = 33,320 Ih, Longitudinal Center of GraVity = FS 330.5 (MID), Density Altitude = 4640 ft,
Free Air Temperature = 17.0 Deg C, Rotor Speed = 225 rpm, Ballast and Instrumentation Systems Installed.

2VADI = Vibration AmplItude and Direction Indicator, reading in percent of limit in Acceptance Test Procedure.
3FFT = Fast Fourier Transform method of processing
4VRS = Vibration RatIng Scale

:1
",

"
"

"
"·'
.'

"
"·"
"

y·

..
"

"

.'

..
,,~

::~

'::]
I

;'j
.I,";
':i
"I
~~
:1
0,

.'
:'·,·"
·.
,
·.,



IGross Wei~ht = 29,340 lh, Lon~itudlnal Center of Gravity = FS 311.R (MID), n~nRlty
Altitude = 2260 ft, Free Air Temperatur~ = 9.5 De~ C, Rotor Sp~ed = 225 rpm, Rallast
and Instrumentation Systems removed, R.11 readings from the Vibration Amplitudt: alld
Dir~ction Indicator (VAOI) In percent of limit in Acceptancl:: Test Procedure.

2VRS = Vibration Ratlll~ Scale (see end 2)

Fi~ur~ 134. Level Fli~ht Vibration Data (ATP Confl~uration)l

I
i
I

--'

.. ... .. .. ..... .. .. ..

2
2
3
3
4
5
f)

7
R

Pi L.)t

Rat illl~

(VHS)2

.' ... .. .. .... .. ~ ..........

<30 <30
<30 <30

30 <30
38 <30
40 <10
55 30
55 35
52 4';
70 52

- ._----_ ... ------- - .. -------

3/Rev --l-----~~Re:------
Lateral V~rtical

Vih. at Vih. at
FS 95 BL 0 FS 320 HL 44 LT

(%) (%)

.-4-------- ----~------------

214

00
30
30
30
30
35
45
62
75

3/Rev
V~rtical

Vih. at
FS 50 HL 33 l:r

(%)

I/Rev
Vertical
Vib. at

FS 50 BL 13 Lt
cn

54.5
69.5
J6.5

116.0
125.0
"'.40.0
145.0
149.0
156.5

True
Airspeed
(knots)

32
30
32
30
30

00
00
00
<30

I____.-L--------~---------- ----

__---4--

NOTES:
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FLgure IV>. T.l:'vel FlLghl Vlhralloll Datil (PInS COllflguratl,)\t)'

-- - -- - -- -r--- --- --------\----
I/Rev 3/Rev 3/Rev 3/Rev

Vertical Vertical Lateral Vertical
True Vib. at Vib. at Vib. at Vib. at Pilot

Airspeed FS 50 BL 33 Lt FS 50 BL 33 LT FS 95 BL 0 FS 320 RL 44 LT Ratin~
(knots) (%) (%) (%) (%) (VRS)

51.5 32 <30 <30 <30 3
69.fJ n <30 <30 <30 3
R6.0 30 <30 <30 <30 2

104.5 32 <30 <30 <30 4
123.5 30 <30 33 00 4
140.0 30 43 55 30 5
143.5 <30 45 63 30 6
150.0 00 65 85 40 7 I

154.0 (10 85 80 43 8 I
--- --------- ... I

NOTES:

IGross Weight = 36,780 lh, Longitudinal Center of GravIty = FS 327.3 (MID), DensIty
Altitude = 1640 ft, Free i\ir Temperature = 4.5 Deg C, Rotor Speed.: 225 rpm, Ballast
and Instrumentation Systelns removed, "lll readings from the Vibration Amplitude and
Direct Lon In/Hcator (VAOI) in percent of limit in Acceptance Test Procedure.

2VRS = Vibration Rating SC:lle (see end 2)
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Fi~ure 136. D~scendin~ Fli~ht Vibration Data (ATP Confi~uration)l

I'-)0'

I/Rev 3/Rev 3/Rev 3/Rev
VertIcal Vertical Lateral VertIcal

Dt:Rcent True Vib. at Vib. at Vib. at Vib. at Pilot
Rat~ Airspeed FS 50 BL 33 Lt FS 50 BL 33 LT FS 95 BL 0 FS 320 BL 44 LT Ratin~

(ft/min) (knots) (%) (:0 (%) (%) (VRS)

500 fpm 70.0 35 38 62 30 4
1000 fpm 70.0 35 50 85 33 4
1500 fpm 70.0 40 60 105 35 5

500 fpm L106.0 30 40 sH <30 4
1000 fpm 110.0 30 35 80 <30 5
1500 fpm 107.0 30 45 105 <30 6

NOTES:

lCross Weight = 29,360 Ib, Longitudinal Center of Gravity = FS 332.4 (MID), DensIty Altitude =
2700 ft, Free Air Temperature = 8.0 Deg C, Rotor Speed = 225 rpm, Ballast and Instrumentation
Systems removed, all readings from the VibratIon Amplitude aud DIrection Indicator (VADt) in
percent of limit in Acceptance Test Procedure.

2VRS = Vibration Rating Rcale (see encl 2)



.,
"
','.,.

I
-0,

r

~I:'

N....
.......

Figur~ 137. Descending Flight Vibration Data (PIDS Configuration)l

! l/Rev I 3/Rev 3/Rev 3/Rev

Desc~nt I True
V~rtlcal Vertical Lateral Verti.cal
Vib. at Vib. at I Vib. at Vib. at Pilot

Rate I Airspeerl FS 50 RL 33 Lt FS 50 BL 33 LT , FS 95 BL 0 I FS 320 BL 44 LT Ratin~ II (ft/min) i (knots) (%) (Z) (%) (%) (VRS) ,

!
500 fpm I 70.0 35 34 38 (30 4

1000 fpm 69.0 33 38 40 30 4
1500 fpm 1;9.0 40 40 90 35 5

500 fpm 105.0 30 35 50 (30 4
1000 fpm 105.0 32 40 55 (30 5
1500 fpm 105.0 34 50 60 (30 5

L

NOTES:

1Gross Weight - 35,700 1b, Longitudinal Center of Gravity = FS 327.7 (MID), Density Altitude a

2020 ft, Free Air Temperature = 6.0 Deg C, Rotor Speed = 225 rpm, Ballast and Instrumentation
Systems removed, all readings from the Vibration Amplitude and Direction Indicator (VADI) in
percent of limit in Acceptance Test Procedure.

2VRS = Vibration Rating Scale (see enc1 2)
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TEST
METHOD

18~
T28 PACE

AVG
ROTOR
SPEED
(RPtu
225
224
225

Ava
OAT

<OEa C)
20.5
14.0
14.0

Ava
DENSITY

ALTITUDE
(FEET)

~4H
4399

AVG
~TUDINAL.
CG LOCATI(»j

CFS)

1':1 ~~

89 80 t 0 120
SHIP SYSTEM INDICATED AIRSPEED

<KNOTS)

AVG
GROSS

WEIGHT
(La)

~~
34588

40

SYH80L

2e-f'-----T----r----.....,..-----r----r----~-----,

29

129

~
W
Q.

~ lee
H~

<(I)
t-aowz

t-~

~v 80
en
H
..J
<o

89

40

t49

160

F"IGURE 138
SHIPS SYSTEM AIRSPEED CALIBRATION IN LEVEL FLIGHT

CH-47D USA SIN 81-23383
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•FIGURE 13Q

SHIPS SYSTEM AIRSPEED CALIBRATION
CH-47D USA SIN 81-23383

NOTES: t. [;) DENOTES 500 FPH CLIMB,
BALL CENTERED

2 . 0 DENOTES 500 FPH CLIMB,
ZERO SIDESLIP

3 . A DENOTES 500 FPH DESCENT,
BALL CENTERED

<4 . + DENOTES 500 FPH DESCENT,
ZERO SIDESLIP

5. BOOM PITOT-STATIC SYSTEM
USED AS A REFERENCE

6. CURVES OBTAINED FROM FIGURE
(LEVEL flIGHT)

AVG AvG AVG AVB '
GROSS LONGITUDINAL DENSITY AVG ROTOR
WEIGHT CG LOCATION ALTITUDE OAT SPEED •<LB) (FS) (FEET) (DE. C) (RPM)

EJ
32740 331.8 (MID) 4780 26.5 22S

til
20

~
Q

~,,15
(J)

L..U-
mOt0 '~

o~ '-
l:. , ...~

.... v

« 5

8 0
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40
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FIGURE 141
SHAFT HORSEPOWER AVAILABLE

CH-47D
MAXIMUM CONTINUOUS POWER

ENGINE SPEED 15066 RPM (225 RPM)

...'.' 1

;.

NOTES, 1_ STATIC CONDITIONS . ,
2. AIR BLEED: ZERO· - .. --~- .-.---,
3. HP EXTRACTION ZERO
4. INLET TEMPERATURE RISE: ZERO
5 _ ANTI-ICE OFF .. - ....-.----.---
6 CH-47D PRESSURE LOSS~ REFERENCE BV DOCUMENT-,

NUMBER D210-1 1920-1 DATED JUNE. 9 .. _ 1982 ----~--.-i
7. BASED ON AVCO LYCOMING ENGINE MODEL 'I

SPECIFICATION T55-L-712 FILE NO.
19 _31 _51 . 13 DATED JUNE 27, t983----------

I
e -+1----....,.,-----;jr------r-j-- --l...---lf--~~--+___:l__...1__~----'~_ilL.-"

800 12ee 1600 2000 2400 2800 3200 3~P.l0:

SHAFT HORSEPOWER AVAILABLE ._
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l '. I -+ .., I , , I '

. t- .:...:.-.: .! ...:NOTES~ t \. STATIC: CONOITIONS
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FIGURE 143
SHAFT HORSEPOWER AVAILABLE

CH-47D
MAXIMUM RATED POWER cle MINUTE LIMIT)

ENGINE SPEED ;5066 RPM (225 RPM)

NOTES: 1, STATIC CONDITIONS
2~ AIR BLEED~ ZERO
3. HP EXTRACTION, ZERO
4~ INLET TEMPERATURE RISE: ZERO
5. ANTI-ICE OFF
6. CH-47D PRESSURE LOSS: REFERENCE BY DOCUMENT

NUMBER D210-11920-1 DATED JUNE 9, 1982
7. BASED ON AVCO LYCOMING ENGINE MODEL

SPECIFICATION T55-L-712 FILE NO,
19.3\ .51.13 DATED JUNE 27, 1983

~$ ~ / '/
\6eaa~ e CJ e tJ6 c; e l> ~

I~ ~G' ~6'~G ~6' ~

~
'" ~ C' C' \

14000 (:)a
~

12000J "9 A \

I "<,~\ C\

~ 10000~
w I
a '
::> I

§ 600°1
« I

I

W I
~ I
:::J
~ 6eee~
1.Ll I
[ I

leoo~

I
2BB0l

e~r-----Y-I----r-I- --r----------'4--l----3.---,rl-~-l-....;t.---___,
1800 2200 2600 1000 3~0e 3890 4200 4600

SHAfT HORSEPOl,tER AVAILABLE-
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APPENDIX F. EQUIPMENT PERFORMANCE REPORTS
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The following Equipment Performance Reports (EPR) w~re :mbmitt('d
during the CH-47D A&FC tes t.
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EPR No.

82-07-1

82-07-2

82-07-3

82-07-4

82-07-5

82-07-6

82-07-7

82-07-8

82-07-9

82-07-10

82-07-11

82-07-12

82-07-13

82-07-14

82-07-15

82-07-16

82-07-17

Date

20 Jan 83

28 Jan 8'3

29 Jan 83

12 Apr 83

14 Jun 83

14 Jun 83

14 Jun 83

14 Jun 83

14 Jun 83

4 Aug 83

4 Aug 83

4 Aug 83

10 Aug 83

11 Oct 83

11 OC t 83

11 Oc t 83

18 Oct 83

Descriptio~

Rroken wire to transmissf.(Hl chip detp.ctor

Damage to rotor hlade tip cover

HydrauHc leak on tl2 Power Transfer Unit

Damage to forward dri ve sha f t cove r

Failure of hydraulic h~nd rump

Loss of torque on comhiner transmissioll
right hand aft mounting holt

Rame subj~ct as 82-07-0

Tear in rubber covering of rotor root end

Rearing freeplay in walking beam at FS 401

Blade lap.; damper bushing, d i sengap.;ed

Rivet poppinp.; and crackiJlp.; of skin support
structure

Af t rain shield chafl'~s upper plyon

Rearing came loose from aft right landinp.;
gear drag link

Fuel line leak left engine

Failure of valve solenoid cartridp.e #1 PTII

Fa i.1u re 0 f N2 ac tna tor #2 en~ine

Broken Rround wires ttlP Hide, aft rotor

232
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US Army Resenrch an~ Technolo1!:Y Laboratories/Applied
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I1S Army Research and Technolo1!:Y Lahoratories/Aerol'1echanics

Laboratory (AVSCOM) (SAVOL-AL-D)

US Army Aviation Systems Command (AMSAV-ED, AMSAV-EI,
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liS Army Test and Evaluation Command (DRSTE-C:-A,

ORSTE-TO-O)

US Army Lop.i~tl~s Ev~luatton Ap,ency (DALO-LEI) 1

US Army M~teriE' L Systems Analysis A1!:ency (DRXSY-R, DRXSY-t-1P) 2

US Army Oppratlnnal Test and Evaluation A1!:ency (CSTK-ASO-E) 1
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HonA (nALO-SHM, nALO-AV, nALO-RO, OM10-HRS, nAMA-PPN-T,
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us Army Materiel ComMand (AMCnE-SA, AMCOA-E, AMCDE-I, AMCnE-p, 7
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l1S Army Training and Doctrine Command (ATTG-U, ATCO-T,
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US Army Research and Technology Lahoratories/Propluslon

Laboratory (AVSCOM) (SAVDL-PL-D)

Defense Technical Information Center (DDR)

UR Military Academy, Department of Mechanics

(Aero Group Director)

MTMC-TEA (MTT-TRC)

ASD/AFXT, ARn/ENF

US Naval Post r.raduate School, Department Aero EII1.ineering

(Professor Donald Layton)

Assistant Technical Director for Projects, Code: CT-24

(Mr. Joseph Dunn) 2

6520 Test Group (ENML/Stop 238) 1

Com~ander, Naval Air Systems Co~manrl (AIR 5115B, Ar~ ~301) 3

Pro1ect Manager, CH-47 Modernization Program (ONCPM-CH47M) 5

Boeing Vertol Company (Charles McCall MIs P32-52) 3
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