
 

 

April 3, 2017 
 

Weight and Balance Study 
 
I. ACCIDENT 
 

Location:  Bloomington, Illinois 
Date:  April 7, 2015 
Time:  0006 central daylight time (CDT) 

0506 coordinated universal time (UTC) 
Airplane: N789UP, Cessna 414A modified in accordance with available 

STC’s for engines, spoilers, winglets, and vortex generators 
 

II. VEHICLE PERFORMANCE SPECIALIST 
 

Kevin J. Renze, Ph.D. 
Vehicle Performance Division, RE-60 

 National Transportation Safety Board (NTSB) 
 
 
1.0 INTRODUCTION  

 

On April 7, 2015, about 0006 central daylight time, a Cessna model 414A twin-engine airplane, 
N789UP, was substantially damaged when it collided with terrain following a loss of control during an 
instrument approach to Central Illinois Regional Airport (BMI), Bloomington, Illinois. The airline 
transport pilot and six passengers were fatally injured. The airplane was owned by and registered to 
Make It Happen Aviation, LLC, and was operated by the pilot under the provisions of 14 Code of 
Federal Regulations Part 91 while on an instrument flight rules (IFR) flight plan. Night instrument 
meteorological conditions prevailed for the cross-country flight that departed Indianapolis International 
Airport (IND), Indianapolis, Indiana, at 2307 central daylight time. 
 
 
2.0 METHOD  

 

The airplane weight and balance for the accident flight and the preceding flight were calculated using 
the itemized weight and balance buildup method. The supporting documentation for the weight and 
balance study included maintenance records that established the airplane basic empty weight and 
moment, fuel loading receipts, passenger and crew weights, the preceding flight operating history for 
the accident airplane, the Pilot’s Operating Handbook (POH) and FAA Approved Airplane Flight 
Manual, applicable Supplemental Type Certificate (STC) documents, and weather conditions. 

 
 
2.1 Airplane Three-View Drawings 
 

The original Cessna 414A three-view drawing (prior to applicable STC modifications) and the RAM 
Aircraft, LP three-view drawing are included in Attachment 1. These drawings do not reflect all STC 
modifications incorporated on N789UP at the time of the accident. 
 
 
2.2 Fuel Receipts 
 

Copies of the available fuel receipts are provided in Attachment 2. 
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2.3 Crew and Passenger Weights 
 

The available passenger and crew weights for the accident flight are listed in Table 1. The passenger 
seating positions and measured, clothed, post-mortem crew and passenger weight data were 
provided by the McLean County Coroner’s Office. These weight data were also used for calculations 
for the preceding flight leg from BMI to IND.  
 

Table 1: Crew and Passenger Weights 

Seat 
1 
2 
3 
4 
5 
6 
7 
8 

Weight, lb. 
180 
160 
237 
223 
185 
180 
--- 

176 

Comment 
Pilot 
Passenger 
Passenger 
Passenger 
Passenger 
Passenger 
Seat not installed 
Passenger 

 
 
2.4 Approved Airplane Weight and Balance Envelope 
 

The applicable airplane weight and balance data for the Cessna 414A modified in accordance with 
STC SA8125SW and STC SA4943SW are provided in Attachment 3. 
 
 
2.5 Flight Operating History and Estimated Fuel Consumption (N789UP) 
 

The N789UP flight operating history was reconstructed for eight flight legs including the accident 
flight. The results are presented in Table 2.  
 
The N789UP average fuel burn was estimated to be 47.36 gallons per hour based on the documented 
fuel burn for the first two flights operated on 4/1/2015, from BMI to PWK (about 46 minutes duration) 
and from PWK to UIN (about 76 minutes duration). These two flights consumed a fuel volume of 96.3 
gallons based on available fuel receipts, assuming each wing fuel tank top-off event resulted in each 
wing tank fueled with a similar outage (i.e., the remaining volume in the tank for fuel to expand if the 
fuel temperature increases).  
 
Based on the estimated average fuel burn rate, the N789UP fuel available prior to the BMI departure 
for IND was calculated to be about 114.5 gallons and the fuel available prior to the IND departure for 
BMI was calculated to be about 133.4 gallons. 
 
 

2.6 Calculated Weight and Balance (N789UP) 
 
The basic empty weight (BEW) is the standard airplane empty weight including unusable fuel, full 
operating fluids, and full oil but excluding the weight of crew, passengers, cargo, luggage, personal 
items, portable equipment, and usable fuel. The maximum zero fuel weight (MZFW) condition is the 
weight of the airplane in the fully loaded configuration (i.e., BEW, crew, passengers, cargo, luggage, 
personal items, and portable equipment) excluding usable fuel. 
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Table 2: Estimated Fuel Consumption (N789UP) Based on Fuel Burn between Two Reported Fuel Top-Off Events 

 
Average Fuel Consumption Rate        47.36 Gal/Hr       

Date  Departure  Destination
Flight 

Duration, 
Flight 

Duration, 

Usable Fuel 
Load at 

Departure, 
Estimated 
Fuel Used, 

Usable Fuel 
Load at 

Destination,  Notes 
hours  minutes  gallons  gallons  gallons 

03/31/2015     BMI  206.00  Fuel Top‐Off 
04/01/2015  BMI  PWK  0.7666  46.0  206.00  36.31  169.69       Used to estimate fuel burn 
04/01/2015  PWK  UIN  1.2666  76.0  169.69  59.99  109.71       Used to estimate fuel burn 
04/01/2015     UIN  206.00  Fuel  Top‐Off 
04/01/2015  UIN  PWK  1.1666  70.0  206.00  55.25  150.75       Assumes 47.36 gph 
04/01/2015  PWK  BMI  0.7666  46.0  150.75  36.31  114.44       Assumes 47.36 gph 
04/02/2015  BMI  MDW  0.7000  42.0  114.44  33.15  81.29       Assumes 47.36 gph 
04/02/2015  MDW  BMI  0.5666  34.0  81.29  26.83  54.46       Assumes 47.36 gph 
04/06/2015     BMI  114.46  60 Gallons Added; 30 per Side 
04/06/2015  BMI  IND  0.8666  52.0  114.46  41.04  73.42       Assumes 47.36 gph 
04/06/2015     IND  133.42  60 Gallons Added; 30 per Side 
04/07/2015  IND  BMI  0.9833  59.0  133.42  46.57  86.85       Assumes 47.36 gph 
                          

86.85  Gallons remaining at accident 
43.42  Gallons remaining per tank 
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The calculated weight and balance results for the accident flight and the preceding flight from BMI to 
IND are summarized in Table 3. The supporting itemized weight and balance buildup tables and 
weight and balance envelope plots are included in Attachment 4.  
 

Table 3: Calculated Weight and Balance for the Accident Flight and the Preceding Flight 

Accident Flight 
(IND to BMI) 

Weight, 
lb 

Limit, 
lb 

Exceedance, 
lb 

Arm, 
inches 

Aft Limit, 
inches 

Inches  Aft of 
Aft Limit 

Zero Fuel  6,608  6,515  93  162.69  ‐‐‐  ‐‐‐ 

Ramp  7,388  7,087  301  162.59  ‐‐‐  ‐‐‐ 
Takeoff  7,358  7,087  271  162.60  158.24*  4.37 
Landing  7,116  6,750  366  162.66  158.96*  3.71 

BMI to IND Flight 
(Accident Seating) 

Weight, 
lb 

Limit, 
lb 

Exceedance, 
lb 

Arm, 
inches 

Aft Limit, 
inches 

Inches Aft of 
Aft Limit 

Zero Fuel  6,608  6,515  93  162.69  ‐‐‐  ‐‐‐ 

Ramp  7,277  7,087  190  162.63  ‐‐‐  ‐‐‐ 
Takeoff  7,247  7,087  160  162.64  158.56*  4.08 
Landing  7,037  6,750  287  162.68  159.19*  3.49 

BMI to IND Flight 
(Most Forward CG) 

Weight, 
lb 

Limit. 
lb 

Exceedance, 
lb 

Arm, 
inches 

Aft Limit, 
inches 

Inches Aft of 
Aft Limit 

Zero Fuel  6,608  6,515  93  161.98  ‐‐‐  ‐‐‐ 

Ramp  7,277  7,087  190  161.99  ‐‐‐  ‐‐‐ 
Takeoff  7,247  7,087  160  162.00  158.56*  3.43 
Landing  7,037  6,750  287  162.02  159.19*  2.83 

 
* Aft center of gravity limit value was linearly extrapolated for weight value outside (above) the approved envelope 

 
The results indicate that the accident airplane load exceeded the maximum zero fuel weight (MZFW) 
by 93 pounds, the maximum ramp weight by 301 pounds, the maximum takeoff weight (MTOW) by 
271 pounds, and the maximum landing weight (MLW) by 366 pounds. The airplane center of gravity 
was calculated to be aft of the aft limit for both takeoff and landing for each flight scenario considered, 
even when the most forward center of gravity passenger loading scenario is considered.  

 
 

2.7 Atmospheric and Wind Data 
 

Weather and wind data collected to support alternate weight and balance calculations for the accident 
flight and the preceding flight from BMI to IND are included in Attachment 5. 
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2.8 RAM Aircraft – Series IV Performance and Fuel Burn Data 
 

A comparison of the basic RAM Aircraft – Series IV performance to the Cessna 414A performance 
and a copy of the RAM Aircraft engine quick reference card (QRC) are provided in Attachment 6 
 
 

2.9 Weight and Balance Estimates Using Cessna 414A POH and RAM Aircraft Data 
 

The average fuel burn rate of 47.36 pounds per hour was checked by estimating the expected fuel 
burn for each flight segment for the preceding flight from BMI to IND and the accident flight from IND 
to BMI. The flight legs considered included: 
 

1. Engine start, taxi, run-up, and takeoff 
2. Climb at the cruise climb condition 
3. Cruise at 75 percent power 
4. Descent 
5. Landing and taxi 

 
The time, distance, and fuel burn for each leg were estimated using the Cessna 414 POH and the 
RAM Aircraft – Series IV Engine QRC. The results are documented in Attachment 7 in spreadsheet 
form. Using the alternative fuel burn calculation method, the calculated flight time for each leg was 
within 3 minutes of the comparable FlightAware data, the calculated cruise speed at 75 percent 
engine power was within 2 knots of the comparable FlightAware data, and the calculated fuel burn 
rate was one to two gallons per hour lower (5.85 to 11.70 pounds per hour lower) than the estimated 
average fuel burn value documented in Table 2. 
 
 
3.0 CONCLUSION  
 

The results of the weight and balance study indicate that the accident airplane load exceeded the 
maximum zero fuel weight (MZFW) by 93 pounds, the maximum ramp weight by 301 pounds, the 
maximum takeoff weight (MTOW) by 271 pounds, and the maximum landing weight (MLW) by 366 
pounds. The airplane center of gravity was calculated to be aft of the aft limit for both takeoff and 
landing for each flight scenario considered, even when the most forward center of gravity passenger 
loading scenario is considered.  
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   Attachment 1:  Airplane Three-View Drawings 
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I 

SECTION 1 
GENERAL ~414A 

THREE-V IEW DRAWING * MAXIMUM HEIGHT OF AIRPLANE WITH 
NOSE GEAR DEPRESSED IS 11.9'. 

* 11.45' 

1-----------44.1!2'-----------1 

1-2 

6.4' 
PROPELLER 
D IAMETER 

Figure 1-1 

1, NORMAL PROPELLER 
TIP TO GROUND 
CLEARANCE IS .79'. 

2. TOTAL WING AREA, 
INCLUDING NACELLES 
AND FUSELAGE WITHIN 
THE W ING P LANFORM, 
IS 225.80 SQUARE FEET . 

3 . MINIMUM TURNING 
DISTANCE IS 62.10'. 
SEE FIGURE 7-11 FOR 
ADDITIONAL 
INFORMATION. 

1 November 1979 
Revision 2 - 3 Aug 1981 
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RAM Pcl'fmnmce -C~:ssna 414A Series IV .125 hp 

Cessna 414A Dimensions 

t-----------44.12''----1 

Pelformanoe is based on a mid CG with mid cabin and fuel weight on an average day. PerfoNj1ance Should always 
be a;lculated per flight environment while referring to the Manufacturer's Pilots Operating Handbook and 
applicable Flight Manual Supplemellts for the partio;lar ailplane. Aircrd Manufacturer's Pilot Operating 
Handbooks and Airaa~ Owner's Manuals should always be available and adhered to by the aircraft Pilot In 
Command. inclUding attention to applicable FAA approved Flight Manual SuPplements and emergency procedures 
lor each indiVidual aircra~. Performance should val'/ from airplane to airplane, atmospheric day to atmospheric 
day, one gross weight and CG to ar>ather. and pilot to pilot. 

RAM Atrcmft LP • W81XJ, TX 76708 .-~ 

Phone: • Fax: • ~ 

SM0 42A 17 Page2 or :a ~OO .... ·t. Pnce. SJX'(' I fh.'ab()l~ and A H'Iihi l)llity 1Ubjcd IO c.hlnge "'l thout nc~liCC , 
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Attachment 2:  Fuel Receipts (N789UP) 
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Signature000001

A2.10



Signature000002

A2.11



Signature000003

A2.12



S
ignature000004

A2.13

Fuel Uni! Balancing and Rewnciliaiion Record 

Diff Pressure (psi) ____ _ Shift ;'~·+ li Capacity ·~:;.- s·--L.) 

licket Number Customer A/C1ype Taifg Meler #I Gallons 

li<67'JC.\£[ '- !C:?-:06 !C!%\I'i~' \0 
,SLI!V'IP 

. S!artNbr-> i ::>1.1 C;;;, 

Me!erTotal-> ._! __ __, 

'Service Codes: HOB; 2·Prel~ad; 3·Recirculanon; 4-Ballnst; 5-Callback; 6-Defuel; 7-Refuel 
S·lnop Gauge; 9-A/C 5wnp; 1 G·GSE; ll·Oiher {Spetily); B:Sonded flight 

~PCOV3 3[% 

FueiType 

· Meler#2 

--
_,-

.. 

: ..... >'.:.- .~. ~.:. ' Unit# 

Gallons ·G~~!s 

~ .. 53. - !27 
t;!-7 

../ S"'b 

-· . t,o 
- i 3""0 

' iO 
3 

BB~ 

Page of __ 
~;:--. ·1 Date: .· .. / // /~>:<-

Into Unit 

-

f:J!• Fueler ! 0~ -offA/c 

: ' ------

. -----

Beginning Balance 

---• F11led 
Pumped 
Sumped 

___ = Book Inventory 

Physical Inventory 
Variance·Gt!in/{Loss) 
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 Attachment 3:   Weight and Balance Data (N789UP) 
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Mulmum Landing Walgllt: The maximun weight for lal"'lflillr op~~~~'a ~~~jt; 

Maximum T1kaoffWeight: The maxtnum weight fer takeOff~- '1fittl&. 

CENTER OFGRAVRV UMITS: See table below and the fallowtlg C.G-. duut 

WEIGHT 
7087 
6750 
5800 
4700 

FORWARD Llr..tT 
152.2 
151.2 
147_8 
147.8 

NOTE: Unea· variation between points. 

page 24 for Weght and Moment Table. 

159.04 
160.04 
160.04 
160.04 

AFT LIMIT 
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Reoir/otllt 
FNI'App10~ 
Rl!lllsed: ~pr1119. 1994 

WEIGHT AND MDM!NT TABLES 

A'Wl· 
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WEIGHT AND M·OME·NT TABLES 
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PILOT'S OPERATING HANDBOOK 
and 

FAA APPROVED AIRPLANE FLIGHT MANUAL 

I CESSNA AIRCRAFT COMPANY I 

11980 MODEL 414AI 

Serial Num•er ______ _ 

THIS DOCUMENT MUST BE C ARRIED 
IN T H E AIRPLANE AT ALL TIMES 

Registration Nu11-er ____ _ 

THIS HANDBOOK INCLUDES THE MATERIAL R EQUIRED 
T O BE FURNISHED TO THE PILOT BY CAR 3 

A N D CONSTITUTES THE FAA APPROVED AIRPLANE FLIGHT MANUAL. 

COPYRIGHT 0 1979 
HtE C ESS NA AINCRAFT COMPAN Y 

CESSNA AIRCRAFT COMPANY 
Wallace Div isio n 

Wichita, Kansas 

1 NOVEMBER 1979 
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SECTIO N 6 

WEIGHT & BAL A N CE 

WEIGHT AND MOMENT TABLES 

CEnTER OF GRAVITY - MILLIMETERS 

30 

146 150 ! 52 ! 54 156 !58 160 
CENTER OF GRAVITY - INCHES 

Figu re 6- 2 (Sheet 2 of 2) 

1 November 1979 6-7 
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SECTION 6 
WEIGHT & BALANCE 

C.,~. 4· 14A 
MODEL 

WEIGHT AND MOMENT TABILES 

~:g 
- ~ 
'i~ 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
l10 
120 
IJD 
110 
!50 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
Z70 
280 
290 
300 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
llll 
14V 
15C 
160 
170 
180 
190 
200 
210 
220 
230 
240 
210 
260 
270 
280 
290 
300 
310 
320 
JJD 
340 
350 
360 
370 
380 
390 
400 

6- 6 

CREW AND PASS ENGERS 

3RD OR 4Ttl 
SEAlS 

~~ ~ ~ .. ~ ~~ 

0 - SN <-
3~. ~~ .. ~- !~ · t;; 
~0>0 

~-

S~! ~~! =sx "'u~ ~~~ ~~<;( e.nt 
MIHNT/100 

14 18 18 22 25 
27 31 36 44 so 
41 52 53 65 71 
II 70 11 87 100 
68 88 89 109 125 
82 105 107 Ul 150 
96 122 125 113 175 

llO 14V 142 1)4 zoo 
123 158 160 196 225 
137 115 178 218 250 
Ill 192 196 240 275 
164 ZIO 214 262 lOO 
178 228 231 283 175 
192 241 249 305 350 
Z06 262 267 m 375 
219 280 285 349 400 
233 298 303 371 425 
241 Jll 320 392 450 
260 332 338 414 415 
274 350 356 436 SOD 
288 368 374 458 525 
301 385 l9Z' 480 550 
315 402 40~ 501 575 
329 420 427 523 600 
342 438 44S 545 m 
356 411 463 567 650 
370 47Z 481 589 675 
384 490 498 610 700 
397 508 116 632 725 
411 SIS 534 654 750 

BAGGAGE AND CABINET CONtENTS 

3 
6 

10 
13 
16 
19 
22 
26 
29 
32 
35 
38 
42 
45 
48 
51 
54 
58 
61 
64 
67 
70 
74 
77 
80 

7 
14 
21 
ZB 
36 
4) 
50 
57 
64 
71 
78 
85 
92 
99 

107 
114 
121 
128 
135 
!42 
149 
116 
163 
170 
178 
185 
192 
159 
206 
213 
220 
227 
234 
241 
248 

An CABIN 

HOHEHT/100 

19 
37 
56 
74 
93 

112 
130 
149 
167 
186 
201 
223 
242 
260 
279 
298 
316 
335 
313 
372 
391 
409 
428 
446 
465 
484 
502 
521 
539 
558 
577 
595 
61' 
632 
651 
570 
688 
707 
72S 
744 

26 18 
Sl 56 
80 85 

106 I l l 
133 141 
160 169 
186 197 
213 226 
239 254 
266 282 
293 
319 
346 
37Z 
399 
426 
452 
479 
501 
531 
519 
585 
612 
638 
665 
692 
718 
745 
771 
798 
815 
851 
878 
904 
931 
958 
984 

1011 
1037 
1064 

28 
56 

~-
:c~ 

~:;:: .. 
"'"" ~t;~ 

26 
52 
78 

104 
130 
157 
183 
209 
231 
261 
287 
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339 
365 
392 
118 
444 
470 
496 
Ill 
548 
574 
600 
626 
652 
679 
701 
731 
757 
783 

28 
56 

FUll 

"' ~~ i 0 

~~8~ ~0 ~ 

g.o~~ ~~ 
~~5~ ~~ Si ~~~Q£ 
~-a..a.. 

,._ ~~ k! 

I 30 so lOS 
10 60 99 110 
15 90 148 115 
20 120 197 120 
21 150 246 125 
28 188 275 130 
30 180 294 Ill 
31 210 343 140 
40 240 392 145 
4> 270 440 150 
so 300 489 ISS 
51 330 531 160 
56 336 547 165 
60 360 586 170 
65 390 635 175 
70 420 683 180 
75 •so 731 185 
80 •eo 780 190 
85 510 BZB 195 
90 540 817 200 
95 570 925 204 

100 600 973 

CREW AND PASSENGER SEATS 
AND I AGGGAGE MOio\ENT foRMS 

STA 137- 8 G - [J 0 - 8 0 
mm- 0 8-B 8 8 8 
STA 218- 8 

STA 250--

;;: ::i.r-\-. ..;:::...::-1 
STA 282--L....::::.:..:~ 

OPTIONAl 
CONFIGIIRAT!ON 
WllH TOilET 

8 SEAT 
COMfiGIIRATION 
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CONFIGIIRATlON 

WITH TOilET 

~~ 
lSi ~~ 

-~ ~! ~-
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690 l l rJ 
720 llb6 
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7~0 1262 
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1140 1838 
1170 l e.86 
1200 1934 
1224 1971 

- STI. 178 

Figure 6- 2 (Sheet 1 of 2) 

1 November 19 79 
Revision 1 - 3 t-larch 1980 
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  Attachment 4:  Weight and Balance Results (N789UP) 
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Serial number 414A0495 BMI to IND, Passenger Loading Same as Accident Flight
Registration no. N789UP

Weight, lb Arm, Inches Moment/100
BEW 5226.56 156.52 8180.61
Crew/Pax. Seat

1 195 137 267.15 195 lb = 180 lb + 15 lb (backpack)
2 160 137 219.20
3 237 178 421.86
4 223 178 396.94
5 185 218 403.30
6 180 218 392.40
7 250 0.00
8 176 250 440.00

Crew/Passengers 1356 187.38 2540.85
Cargo

Avionics 32 0.00
Nose 20 71 14.20

Wing ‐ Left 186 0.00
Wing ‐ Right 186 0.00

Aft 1 266 0.00
Aft 2 282 0.00

Refreshment Bar 5 279 13.95
Overhead Cabinet 282 0.00

Cargo 25 112.60 28.15
Exceedance Limits

ZFW 6,608         162.69 10749.61 92.6 6515 lb MZFW
Ramp Fuel (114.46 gal.) 669.6 1.62 1085.35
Ramp Weight 7,277         162.63 11834.96 190.2 7087 lb Max. Ramp
T.O. Fuel (Ramp Fuel ‐ 30 lb) 639.6 1.62 1037.35
TOW 7,247         162.64 11786.96 160.2 7087 lb MTOW

Landing Fuel (73.42 gal.) 429.5 1.63 698.21
Landing Weight 7,037         162.68 11447.82 287.1 6750 lb MLW

Weight Limit Inches Aft of Aft Limit
Takeoff 7,247     158.56 4.08 Assumes passenger loading same as  accident flight
Landing 7,037     159.19 3.49 Assumes passenger loading same as  accident flight A4.5



Serial number 414A0495 BMI to IND, Best Case (Most Forward Passenger C.G.)
Registration no. N789UP

Weight, lb Arm, Inches Moment/100
BEW 5226.56 156.52 8180.61
Crew/Pax. Seat

1 195 137 267.15 195 lb = 180 lb + 15 lb (backpack)
2 237 137 324.69
3 223 178 396.94
4 185 178 329.30
5 180 218 392.40
6 176 218 383.68
7 250 0.00
8 160 250 400.00

Crew/Passengers 1356 183.94 2494.16
Cargo

Avionics 32 0.00
Nose 20 71 14.20

Wing ‐ Left 186 0.00
Wing ‐ Right 186 0.00

Aft 1 266 0.00
Aft 2 282 0.00

Refreshment Bar 5 279 13.95
Overhead Cabinet 282 0.00

Cargo 25 112.60 28.15
Exceedance Limits

ZFW 6,608         161.98 10702.92 92.6 6515 lb MZFW
Ramp Fuel (114.46 gal.) 669.6 1.62 1085.35
Ramp Weight 7,277         161.99 11788.27 190.2 7087 lb Max. Ramp
T.O. Fuel (Ramp Fuel ‐ 30 lb) 639.6 1.62 1037.35
TOW 7,247         162.00 11740.27 160.2 7087 lb MTOW

Landing Fuel (73.42 gal.) 429.5 1.63 698.21
Landing Weight 7,037         162.02 11401.13 287.1 6750 lb MLW

Weight Limit Inches Aft of Aft Limit
Takeoff 7,247     158.56 3.43 Estimated best case (most forward c.g.)
Landing 7,037     159.19 2.83 Estimated best case (most forward c.g.) A4.6



Serial number 414A0495 IND to BMI, Accident Flight
Registration no. N789UP

Weight, lb Arm, Inches Moment/100
BEW 5226.56 156.52 8180.61
Crew/Pax. Seat

1 195 137 267.15 195 lb = 180 lb + 15 lb (backpack)
2 160 137 219.20
3 237 178 421.86
4 223 178 396.94
5 185 218 403.30
6 180 218 392.40
7 250 0.00
8 176 250 440.00

Crew/Passengers 1356 187.38 2540.85
Cargo

Avionics 32 0.00
Nose 20 71 14.20

Wing ‐ Left 186 0.00
Wing ‐ Right 186 0.00

Aft 1 266 0.00
Aft 2 282 0.00

Refreshment Bar 5 279 13.95
Overhead Cabinet 282 0.00

Cargo 25 112.60 28.15
Exceedance Limits

ZFW 6,608         162.69 10749.61 92.6 6515 lb MZFW
Ramp Fuel (133.42 gal.) 780.5 1.62 1262.81
Ramp Weight 7,388         162.59 12012.42 301.1 7087 lb Max. Ramp
T.O. Fuel (Ramp Fuel ‐ 30 lb) 750.5 1.62 1214.81
TOW 7,358         162.60 11964.42 271.1 7087 lb MTOW

Landing Fuel (86.85 gal.) 508.0725 1.62 824.92
Landing Weight 7,116         162.66 11574.53 365.6 6750 lb MLW

Weight Limit Inches Aft of Aft Limit
Takeoff 7,358     158.24 4.37 IND to BMI, Accident Flight
Landing 7,116     158.96 3.71 IND to BMI, Accident Flight A4.7
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 Attachment 5:     Atmospheric and Wind Data 

 
 
 



High Resolution ASOS Data 
 
The 5 minute ASOS data for KBMI was also obtained and documented surrounding the time of the 
accident from 2340 through 0025 CDT (0440Z‐0525Z).  Within a minute prior to the accident, the ASOS 
was reporting the following conditions: 

Central Illinois Regional Airport weather at 0005 CDT, automated, wind from 060° at 6 knots, visibility 
1/2 statue mile, runway 29 visual range 4,000 variable 6,000 feet, weather light rain and fog, ceiling 
overcast at 200 feet agl, temperature and dew point 13° C, altimeter 29.98 inches of mercury.  Remarks; 
automated observation system, lightning distant east, hourly precipitation less than 0.01 inches. 

The raw observations were as follows: 

METAR KBMI 070440Z AUTO 11005KT 1SM R29/P6000FT –RA BR OVC002 13/13 A299 RMK A02 OVC V 
BKN 

METAR KBMI 070445Z AUTO 10003KT 1SM R29/P6000FT –RA BR OVC002 13/13 A2999 RMK A02 

METAR KBMI 070450Z AUTO 08004KT 3/4SM R29/P6000FT –RA BR OVC002 13/13 A2999 RMK A02 
T01270127 P0000 SLP153 

METAR KBMI 070455Z AUTO 06004KT 3/4SM R29/6000VP6000FT –RA BR OVC002 13/13 A2999 RMK 
A02 T01270127 LTG DSNT E P0000 SLP153 

METAR KBMI 070500Z AUTO 07005KT 3/4SM R29/5000VP6000FT –RA BR OVC002 13/13 A2999 RMK 
A02 LTG DSNT E  

METAR KBMI 070505Z AUTO 06006KT 1/2SM R29/4000V6000FT –RA BR OVC002 13/13 A2998 RMK A02 
LTG DSNT E P0000 

SPECI KBMI 070510Z AUTO 07006KT 1/2SM R29/4000V5000FT –RA FG OVC002 13/13 A2998 RMK A02 
P0000 

METAR KBMI 070515Z AUTO 08006KT 1/2SM R29/4000V5000FT –RA FG OVC002 13/13 A2998 RMK A02  

METAR KBMI 070520Z AUTO 09006KT 1/2SM R29/4000V5000FT –RA FG OVC002 13/13 A2998 RMK A02 

METAR KBMI 070525Z AUTO 09006KT 1/2SM R29/4000V5000FT FG OVC002 13/13 A2998 RMK A02 
RAE25 
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Query made at 03/29/2017 19:55:17 UTC  

Time interval: from 04/06/2015 18:00 to 04/07/2015 07:59 
UTC  

KBMI, Bloomington / Normal (United States). 
WMO index: -----. Latitude 40-29N. Longitude 088-55W. Altitude 267 m. 
 

METAR/SPECI from KBMI, Bloomington / Normal (United States).

SA 06/04/2015 18:56-
> 

METAR KBMI 061856Z 20009KT 10SM OVC037 16/07 A2999 RMK AO2 
           T01550072 SLP156= 

SA 06/04/2015 19:56-
> 

METAR KBMI 061956Z 19009KT 10SM FEW028 SCT040 OVC050 17/08 
           A2997 RMK AO2 T01660083 SLP146= 

SA 06/04/2015 20:56-
> 

METAR KBMI 062056Z 16010KT 10SM BKN034 17/09 A2995 RMK AO2 
           58018 T01720088 SLP139= 

SA 06/04/2015 21:56-
> 

METAR KBMI 062156Z 16012KT 10SM BKN030 17/10 A2995 RMK AO2 
           T01720100 SLP138= 

SA 06/04/2015 22:56-
> 

METAR KBMI 062256Z 18010KT 10SM OVC030 17/10 A2995 RMK AO2 
           T01660100 SLP141= 

SP 06/04/2015 23:29-
> SPECI KBMI 062329Z 17010KT 10SM OVC028 17/11 A2994 RMK AO2= 

SA 06/04/2015 23:56-
> 

METAR KBMI 062356Z 15008KT 10SM OVC028 16/10 A2993 RMK AO2 
           58006 T01610100 10177 20150 OVC V BKN SLP135= 

SA 07/04/2015 00:56-
> 

METAR KBMI 070056Z 16013KT 10SM OVC024 15/11 A2994 RMK AO2 
           T01500111 SLP137= 

SP 07/04/2015 01:45-
> 

SPECI KBMI 070145Z 17010KT 10SM BKN014 OVC022 14/12 A2996 
           RMK AO2= 

SA 07/04/2015 01:56-
> 

METAR KBMI 070156Z 17012G18KT 10SM BKN012 OVC018 14/12 
A2997 
           RMK AO2 T01380116 BKN V OVC SLP148= 

SA 07/04/2015 02:56-
> 

METAR KBMI 070256Z 15004KT 10SM OVC012 14/12 A2998 RMK AO2 
           53017 T01380116 SLP152= 

SP 07/04/2015 03:48-
> 

SPECI KBMI 070348Z AUTO 14007KT 1 3/4SM -RA BR OVC010 13/12 
           A2999 RMK AO2 RAB39 P0000= 

SA 07/04/2015 03:56-
> 

METAR KBMI 070356Z AUTO 15006KT 1 3/4SM -RA BR SCT001 
OVC010 
           13/12 A2999 RMK AO2 T01270122 RAB39 P0000 SLP154= 

SP 07/04/2015 04:03-
> 

SPECI KBMI 070403Z AUTO 14006KT 2SM -RA BR SCT001 OVC008 
           13/13 A2999 RMK AO2 CIG 004V010 P0000= 

SP 07/04/2015 04:23-
> 

SPECI KBMI 070423Z AUTO 11005KT 1 3/4SM -RA BR OVC004 13/13 
           A2998 RMK AO2 CIG 001V007 P0000= 

SP 07/04/2015 04:37-
> 

SPECI KBMI 070437Z AUTO 11005KT 1SM R29/P6000FT -RA BR 
BKN002 
           OVC006 13/13 A2999 RMK AO2 P0000= 

SA 07/04/2015 04:56-
> 

METAR KBMI 070456Z AUTO 06004KT 3/4SM R29/6000VP6000FT -RA 
           BR OVC002 13/13 A2999 RMK AO2 T01270127 LTG DSNT 
           E P0000 SLP153= 
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SP 07/04/2015 05:11-
> 

SPECI KBMI 070511Z AUTO 07006KT 1/2SM R29/4000V5000FT -RA 
           FG OVC002 13/13 A2998 RMK AO2 P0000= 

SP 07/04/2015 05:41-
> 

SPECI KBMI 070541Z AUTO 11004KT 3/4SM R29/3500V5500FT BR 
           OVC002 13/13 A2999 RMK AO2 RAE25 P0000= 

SP 07/04/2015 05:48-
> 

SPECI KBMI 070548Z AUTO 10005KT 1/2SM R29/3000V4000FT FG 
           OVC002 13/13 A2998 RMK AO2 RAE25 P0000= 

SA 07/04/2015 05:56-
> 

METAR KBMI 070556Z AUTO 11005KT 1/2SM R29/3500V4000FT FG 
           OVC002 13/13 A2998 RMK AO2 50000 60000 T01270127 
           10161 20127 401770100 RAE25 P0000 SLP152= 

SP 07/04/2015 06:15-
> 

SPECI KBMI 070615Z AUTO 11007KT 3/4SM R29/5000VP6000FT BR 
           OVC002 13/13 A2998 RMK AO2 P0001= 

SP 07/04/2015 06:25-
> 

SPECI KBMI 070625Z AUTO 11006KT 1SM R29/P6000FT BR OVC002 
           13/13 A2998 RMK AO2 P0001= 

SA 07/04/2015 06:56-
> 

METAR KBMI 070656Z AUTO 11006KT 1SM R29/P6000FT BR OVC002 
           13/13 A2998 RMK AO2 T01270127 P0001 SLP149= 

SP 07/04/2015 07:29-
> 

SPECI KBMI 070729Z AUTO 13004KT 3/4SM R29/5000VP6000FT BR 
           OVC002 13/13 A2997 RMK AO2 RAB11E26 P0000= 

SP 07/04/2015 07:39-
> 

SPECI KBMI 070739Z AUTO 14004KT 1 1/4SM BR OVC002 13/13 
A2997 
           RMK AO2 RAB11E33 P0000= 

SA 07/04/2015 07:56-
> 

METAR KBMI 070756Z AUTO 15005KT 1 1/2SM -RA BR OVC002 13/13 
           A2996 RMK AO2 T01270127 RAB11E33B49 P0001 SLP145= 

 

No short TAF reports from KBMI during solicited interval in 
the database. 

 

large TAF from KBMI, Bloomington / Normal (United States).

FT 06/04/2015 23:26-
> 

TAF KBMI 062326Z 0700/0724 16010KT P6SM OVC025 FM070600 
14006KT 
          P6SM VCSH OVC025 FM071000 08008KT 3SM -SHRA VCTS 
OVC012CB 
          FM071900 06012KT P6SM BKN020= 

FT 07/04/2015 01:48-
> 

TAF AMD KBMI 070148Z 0702/0724 16010KT P6SM OVC012 FM070600 
14006KT 
          P6SM VCSH OVC010 FM071000 08008KT 3SM -SHRA VCTS 
OVC012CB 
          FM071900 06012KT P6SM BKN020= 

FT 07/04/2015 05:38-
> 

TAF KBMI 070538Z 0706/0806 08006KT 1/2SM -DZ FG OVC002 
FM071300 
          07005KT 1 1/2SM BR VCSH OVC002 FM071600 09010KT 5SM BR 
          OVC010 FM080200 15010KT P6SM BKN012= 
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Query made at 03/29/2017 19:59:24 UTC  

Time interval: from 04/06/2015 18:00 to 04/07/2015 07:59 
UTC  

KIND, Indianapolis, Indianapolis International Airport (United States). 
WMO index: 72438. Latitude 39-43-30N. Longitude 086-16-55W. Altitude 243 m. 
 

METAR/SPECI from KIND, Indianapolis, Indianapolis International 
Airport (United States). 

SP 06/04/2015 18:19-> 
SPECI KIND 061819Z 19010KT 10SM OVC029 14/08 A3004 RMK 
AO2 
           T01440078= 

SA 06/04/2015 18:54-> 
METAR KIND 061854Z 19010KT 10SM OVC026 15/08 A3003 RMK 
AO2 
           SLP169 T01500083= 

SA 06/04/2015 19:54-> 
METAR KIND 061954Z 18010KT 10SM BKN023 OVC028 15/09 
A3002 
           RMK AO2 SLP165 T01500094= 

SA 06/04/2015 20:54-> 
METAR KIND 062054Z 20007KT 10SM OVC024 15/09 A3001 RMK 
AO2 
           SLP161 T01500094 58011= 

SA 06/04/2015 21:54-> 
METAR KIND 062154Z 19009KT 10SM SCT021 OVC027 15/11 
A3000 
           RMK AO2 RAB30E39 SLP157 P0000 T01500106= 

SA 06/04/2015 22:54-> 
METAR KIND 062254Z 19008KT 10SM BKN025 OVC031 16/10 
A2998 
           RMK AO2 SLP152 T01560100= 

SA 06/04/2015 23:54-> 
METAR KIND 062354Z 19008KT 10SM OVC027 16/11 A2999 RMK 
AO2 
           SLP155 60000 T01560106 10156 20139 55006= 

SA 07/04/2015 00:54-> 
METAR KIND 070054Z 18009KT 10SM OVC020 15/11 A2999 RMK 
AO2 
           SLP156 T01500111= 

SP 07/04/2015 01:31-> 
SPECI KIND 070131Z 18008KT 10SM BKN010 OVC018 15/12 
A3000 
           RMK AO2 T01500117= 

SA 07/04/2015 01:54-> 
METAR KIND 070154Z 18007KT 10SM BKN010 OVC014 15/12 
A3001 
           RMK AO2 SLP160 T01500122= 

SP 07/04/2015 02:27-> SPECI KIND 070227Z 18007KT 10SM SCT013 OVC021 15/12 A3001 
           RMK AO2 T01500122= 

SA 07/04/2015 02:54-> 
METAR KIND 070254Z 17007KT 10SM FEW013 OVC021 15/12 
A3001 
           RMK AO2 SLP160 T01500122 51005= 

SA 07/04/2015 03:54-> 
METAR KIND 070354Z 14009KT 10SM BKN019 OVC030 14/12 
A3000 
           RMK AO2 SLP159 T01440117= 

SA 07/04/2015 04:54-> 
METAR KIND 070454Z 14008KT 10SM OVC020 14/11 A3001 RMK 
AO2 
           SLP160 T01440111 401670083= 
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SP 07/04/2015 05:52-> SPECI KIND 070552Z 13005KT 10SM OVC014 14/11 A3000 RMK 
AO2= 

SA 07/04/2015 05:54-> 
METAR KIND 070554Z 14005KT 10SM OVC014 14/11 A3000 RMK 
AO2 
           SLP159 T01440111 10156 20144 51000= 

SA 07/04/2015 06:54-> METAR KIND 070654Z 15006KT 4SM -RA BR OVC012 14/12 A3000 
           RMK AO2 RAB27 SLP156 P0000 T01390117= 

SA 07/04/2015 07:54-> 
METAR KIND 070754Z 15007KT 10SM OVC011 14/12 A2998 RMK 
AO2 
           RAE22DZB22E32 SLP150 FRQ LTGIC DSNT SW-W CB DSNT 
           SW-W MOV NE P0000 T01390122= 

 

No short TAF reports from KIND during solicited interval in 
the database. 

 

large TAF from KIND, Indianapolis, Indianapolis International 
Airport (United States). 

FT 06/04/2015 20:29-
> 

TAF AMD KIND 062029Z 0620/0724 19010KT P6SM OVC025 
FM070000 18008KT 
          P6SM OVC012 FM070200 17007KT 5SM BR OVC008 FM070500 
18008KT 
          2SM -SHRA BR VCTS BKN004 OVC010CB FM071600 21010KT 
6SM 
          BR BKN018 OVC030 FM072000 22012KT P6SM BKN030= 

FT 06/04/2015 22:04-
> 

TAF AMD KIND 062204Z 0622/0724 19010KT P6SM OVC025 
FM070000 17007KT 
          5SM BR OVC008 FM070300 18007KT 2SM -SHRA BR BKN004 
OVC010 
          FM070500 18008KT 2SM -SHRA BR VCTS BKN004 OVC010CB 
FM071000 
          19009KT 2SM -SHRA BR OVC004 FM071600 21010KT 6SM BR 
BKN018 
          OVC030 FM072000 22012KT P6SM BKN030= 

FT 06/04/2015 23:30-
> 

TAF KIND 062330Z 0700/0806 19008KT P6SM OVC020 FM070130 
17007KT 
          4SM BR OVC010 FM070300 18007KT 2SM -SHRA BR BKN004 
OVC010 
          FM070500 18008KT 2SM -SHRA BR VCTS BKN004 OVC010CB 
FM071000 
          18007KT 2SM -SHRA BR OVC004 FM071500 09007KT 5SM BR 
OVC007 
          FM071900 10008KT P6SM OVC020 FM080400 12009KT 5SM -
SHRA 
          BR OVC009= 

FT 07/04/2015 02:21-
> 

TAF AMD KIND 070221Z 0702/0806 17007KT 5SM BR OVC008 
FM070400 18007KT 
          2SM -SHRA BR BKN004 OVC010 FM070600 18008KT 2SM -SHRA 
          BR VCTS BKN004 OVC010CB FM071000 18007KT 2SM -SHRA BR 
          OVC004 FM071500 09007KT 5SM BR OVC007 FM071900 
10008KT 
          P6SM OVC020 FM080400 12009KT 5SM -SHRA BR OVC009= 

FT 07/04/2015 03:15-
> 

TAF AMD KIND 070315Z 0703/0806 17007KT P6SM OVC009 
FM070400 18007KT 
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          6SM -SHRA BR BKN006 OVC010 FM070600 18008KT 2SM -SHRA 
          BR VCTS BKN004 OVC010CB FM071000 18007KT 2SM -SHRA BR 
          OVC004 FM071500 09007KT 5SM BR OVC007 FM071900 
10008KT 
          P6SM OVC020 FM080400 12009KT 5SM -SHRA BR OVC009= 

FT 07/04/2015 05:20-
> 

TAF KIND 070520Z 0706/0812 15007KT 6SM -SHRA BR BKN006 
OVC010 FM070800 
          15008KT 3SM -SHRA BR VCTS BKN004 OVC010CB FM071000 
16007KT 
          2SM -SHRA BR OVC004 FM071500 09007KT 5SM BR OVC007 
FM071900 
          10008KT P6SM OVC020 FM080400 12009KT 5SM -SHRA BR 
OVC009= 
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20150406_nam12
MODEL SOUNDING

GRID POINT  391.50 213.29
LAT/LON/ELEV:  40.48  -88.92   267m 

04/06/2015 18Z

  PRES HGT(MSL)  TEMP   DEWP  WDIR  WSPD
  HPA     M        C      C    DEG   M/S

   50. 20542.   -60.1  -88.5 286.6   5.9
  100. 16215.   -59.3  -84.8 281.0  23.1
  150. 13685.   -62.0  -78.0 276.6  34.4
  200. 11929.   -62.5  -64.0 268.3  44.5
  250. 10527.   -53.3  -56.6 266.3  40.2
  300.  9327.   -44.0  -47.7 267.0  34.1
  350.  8276.   -36.2  -50.4 269.7  30.6
  400.  7335.   -28.1  -56.8 268.2  28.8
  450.  6479.   -22.0  -41.5 266.7  24.5
  500.  5697.   -17.1  -34.9 264.7  19.7
  550.  4976.   -11.5  -32.3 264.0  16.3
  600.  4302.    -5.8  -30.1 266.0  13.3
  650.  3670.    -0.7  -28.2 268.1  10.9
  700.  3073.     4.0  -28.9 265.2   9.7
  725.  2788.     5.9  -27.5 261.2   9.8
  750.  2510.     7.4  -20.5 256.7  10.0
  775.  2240.     8.4   -9.8 252.1  10.0
  800.  1978.     6.7   -0.6 245.6  10.4
  825.  1726.     6.0    5.1 243.4   9.8
  850.  1481.     7.6    6.7 241.1   7.2
  875.  1242.     7.4    5.8 214.7   4.2
  900.  1009.     8.0    5.8 175.4   2.9
  925.   783.     8.8    4.9 156.7   3.5
  950.   561.    11.6    5.6 158.2   3.1
  975.   343.    14.3    6.6 169.3   2.8
  987.   240.    16.5    7.8 171.1   2.9
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20150406_nam12
MODEL SOUNDING

GRID POINT  391.50 213.29
LAT/LON/ELEV:  40.48  -88.92   267m 

04/06/2015 21Z

  PRES HGT(MSL)  TEMP   DEWP  WDIR  WSPD
  HPA     M        C      C    DEG   M/S

   50. 20538.   -61.0  -89.1 307.4   5.7
  100. 16221.   -59.6  -88.2 277.8  24.3
  150. 13687.   -61.7  -78.4 267.2  35.2
  200. 11925.   -62.7  -66.7 266.0  40.4
  250. 10525.   -53.8  -57.2 260.8  36.7
  300.  9327.   -43.5  -47.1 264.2  32.4
  350.  8274.   -36.5  -44.4 268.9  28.4
  400.  7334.   -28.6  -59.1 269.3  27.0
  450.  6479.   -21.8  -47.6 269.6  23.9
  500.  5697.   -17.3  -32.2 265.6  18.5
  550.  4976.   -11.7  -29.0 268.6  16.1
  600.  4303.    -5.9  -28.7 266.2  13.7
  650.  3671.    -0.6  -27.2 264.8  11.1
  700.  3074.     4.4  -26.1 263.6   9.8
  725.  2788.     6.6  -26.8 261.6   9.0
  750.  2509.     8.4  -27.1 257.5   8.2
  775.  2238.     9.7  -18.5 251.7   7.5
  800.  1975.     8.2   -3.2 238.0   7.7
  825.  1722.     6.8    5.6 221.4   8.4
  850.  1476.     8.7    7.9 205.9   7.4
  875.  1235.     9.4    8.3 187.6   7.1
  900.  1001.     9.8    8.5 171.4   6.8
  925.   774.     9.8    7.8 156.7   7.0
  950.   551.    12.0    8.1 156.1   6.9
  975.   333.    14.3    8.7 155.9   6.5
  986.   240.    16.4    9.3 155.6   5.9
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20150407_nam12
MODEL SOUNDING

GRID POINT  391.50 213.29
LAT/LON/ELEV:  40.48  -88.92   267m 

04/07/2015 03Z

  PRES HGT(MSL)  TEMP   DEWP  WDIR  WSPD
  HPA     M        C      C    DEG   M/S

   50. 20544.   -60.9  -88.8 302.4   5.5
  100. 16234.   -60.0  -88.5 280.1  22.5
  150. 13700.   -60.6  -80.1 271.8  33.9
  200. 11929.   -63.1  -69.0 263.2  34.6
  250. 10532.   -54.2  -59.2 271.2  33.0
  300.  9339.   -44.8  -52.4 271.4  29.2
  350.  8288.   -35.7  -49.2 270.4  26.8
  400.  7344.   -27.7  -52.5 270.7  22.4
  450.  6488.   -22.0  -56.2 269.5  17.6
  500.  5708.   -19.0  -20.2 266.8  15.1
  550.  4990.   -12.1  -14.8 263.0  17.1
  600.  4316.    -5.7  -12.3 253.4  17.2
  650.  3682.    -0.4   -7.4 241.9  15.8
  700.  3084.     4.5   -7.1 231.8  14.4
  725.  2797.     6.7   -8.5 227.6  13.4
  750.  2518.     8.4   -7.6 224.3  12.2
  775.  2247.     8.9   -1.5 223.3  11.1
  800.  1985.     8.6    6.1 223.6  11.3
  825.  1730.     7.9    7.6 220.1  11.7
  850.  1483.     9.6    9.4 213.7  11.2
  875.  1241.     9.6    9.0 208.6  10.6
  900.  1007.     9.3    8.5 202.8   9.3
  925.   780.    10.4    9.3 188.9  10.3
  950.   556.    12.0   10.4 175.9  10.0
  975.   338.    12.9   11.2 155.2   6.5
  986.   240.    12.8   11.5 136.2   2.6

A5.11



20150407_nam12
MODEL SOUNDING

GRID POINT  391.50 213.29
LAT/LON/ELEV:  40.48  -88.92   267m 

04/07/2015 06Z

  PRES HGT(MSL)  TEMP   DEWP  WDIR  WSPD
  HPA     M        C      C    DEG   M/S

   50. 20553.   -61.5  -89.0 307.5   4.0
  100. 16246.   -60.0  -88.5 281.1  20.7
  150. 13712.   -60.1  -80.3 268.9  29.8
  200. 11939.   -62.9  -72.0 259.7  33.6
  250. 10540.   -54.2  -57.2 265.1  28.9
  300.  9345.   -44.2  -47.6 266.1  26.5
  350.  8293.   -35.8  -45.2 266.3  26.2
  400.  7350.   -27.7  -46.8 266.5  24.1
  450.  6492.   -20.7  -45.4 263.5  22.2
  500.  5705.   -16.4  -30.8 255.3  19.4
  550.  4985.   -12.2  -19.1 254.8  16.7
  600.  4311.    -6.0  -17.5 255.7  16.2
  650.  3678.    -0.3  -15.4 249.3  15.8
  700.  3081.     4.1   -9.8 238.7  15.5
  725.  2795.     5.9   -5.5 235.5  15.3
  750.  2517.     6.9   -0.3 236.8  14.4
  775.  2247.     7.4    3.7 241.8  13.1
  800.  1985.     8.5    4.4 247.5  11.5
  825.  1730.    10.0    3.6 248.4   9.5
  850.  1482.     9.1    5.2 241.2   7.5
  875.  1242.     9.9    6.5 234.9   6.7
  900.  1007.    10.6    6.3 218.3   6.2
  925.   778.    11.7    8.5 203.5   7.5
  950.   554.    12.9   10.9 184.4   6.5
  975.   336.    12.8   11.9 129.1   4.9
  986.   240.    12.5   11.8 112.5   2.0

A5.12



 

 

 
 
 
 
 
 
 
 
 

Wind Data (DNV) 
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20150406_nam12
MODEL SOUNDING

GRID POINT  401.15 211.12
LAT/LON/ELEV:  40.20  -87.60   212m 

04/06/2015 18Z

  PRES HGT(MSL)  TEMP   DEWP  WDIR  WSPD
  HPA     M        C      C    DEG   M/S

   50. 20552.   -60.4  -88.6 286.7   6.1
  100. 16226.   -59.2  -85.0 282.7  23.3
  150. 13698.   -62.2  -77.7 279.6  35.2
  200. 11941.   -62.3  -64.0 271.4  45.8
  250. 10540.   -53.2  -56.7 267.7  41.6
  300.  9338.   -43.5  -47.3 268.0  36.0
  350.  8285.   -35.9  -51.4 269.8  32.6
  400.  7342.   -27.4  -57.3 269.9  30.5
  450.  6485.   -21.8  -40.6 268.6  24.9
  500.  5702.   -16.9  -34.2 265.7  20.2
  550.  4980.   -11.1  -28.2 265.1  17.5
  600.  4305.    -5.6  -27.6 264.6  15.7
  650.  3673.    -1.0  -29.0 263.3  13.9
  700.  3078.     3.4  -19.9 258.1  13.0
  725.  2793.     4.5   -9.7 252.5  13.4
  750.  2517.     4.8    0.0 245.4  14.0
  775.  2249.     5.0    2.9 240.9  13.5
  800.  1989.     6.4    5.7 239.4  11.5
  825.  1736.     7.6    7.1 238.3   8.5
  850.  1489.     8.2    7.6 226.0   6.7
  875.  1249.     7.9    7.5 212.2   7.1
  900.  1017.     7.1    6.8 198.1   6.5
  925.   791.     8.4    5.4 179.1   5.6
  950.   570.    10.9    6.0 174.3   5.1
  975.   352.    13.5    6.7 179.3   4.8
  993.   200.    16.1    8.1 183.8   4.4
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MODEL SOUNDING

GRID POINT  401.15 211.12
LAT/LON/ELEV:  40.20  -87.60   212m 

04/06/2015 21Z

  PRES HGT(MSL)  TEMP   DEWP  WDIR  WSPD
  HPA     M        C      C    DEG   M/S

   50. 20542.   -61.2  -89.2 302.6   5.9
  100. 16224.   -59.3  -87.9 280.2  24.6
  150. 13693.   -62.2  -78.2 272.4  35.6
  200. 11935.   -62.7  -65.6 269.2  42.6
  250. 10535.   -53.6  -57.1 262.9  38.7
  300.  9335.   -43.1  -46.7 265.9  33.6
  350.  8280.   -36.6  -41.4 270.9  28.6
  400.  7340.   -28.2  -54.8 272.3  27.1
  450.  6483.   -21.5  -48.4 273.1  24.1
  500.  5701.   -17.1  -32.8 271.7  18.8
  550.  4980.   -11.5  -29.1 273.0  16.1
  600.  4306.    -5.9  -27.8 270.3  13.7
  650.  3674.    -0.8  -31.0 264.2  12.1
  700.  3078.     3.7  -28.8 256.9  11.5
  725.  2793.     5.3  -17.7 253.4  11.1
  750.  2515.     6.3   -5.8 246.7  10.8
  775.  2246.     7.0    1.1 235.4  11.0
  800.  1986.     6.3    6.0 228.1  11.4
  825.  1732.     7.9    7.6 222.1   9.9
  850.  1485.     9.0    8.7 211.2   9.4
  875.  1244.     9.5    9.2 207.7   9.4
  900.  1010.     9.3    9.0 198.7   8.9
  925.   783.     8.8    8.0 173.6   7.0
  950.   561.    10.9    8.5 170.8   6.7
  975.   343.    13.0    9.0 170.0   6.1
  991.   200.    14.9    9.8 168.0   4.8
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20150407_nam12
MODEL SOUNDING

GRID POINT  401.15 211.12
LAT/LON/ELEV:  40.20  -87.60   212m 

04/07/2015 03Z

  PRES HGT(MSL)  TEMP   DEWP  WDIR  WSPD
  HPA     M        C      C    DEG   M/S

   50. 20549.   -60.7  -88.6 305.5   5.9
  100. 16236.   -60.2  -88.6 285.2  22.3
  150. 13707.   -61.5  -79.9 271.5  36.6
  200. 11940.   -63.0  -67.8 261.1  37.0
  250. 10541.   -53.7  -60.1 270.1  34.4
  300.  9345.   -44.5  -52.6 272.3  30.2
  350.  8293.   -35.4  -48.8 273.2  27.6
  400.  7349.   -27.9  -46.2 274.7  23.3
  450.  6495.   -23.6  -28.5 277.4  18.0
  500.  5718.   -18.1  -18.8 275.8  16.5
  550.  4997.   -11.9  -12.3 270.4  16.6
  600.  4323.    -6.3   -7.9 261.4  15.0
  650.  3692.    -0.9   -7.5 254.4  13.2
  700.  3094.     4.5   -8.3 242.8  11.5
  725.  2808.     6.6   -9.3 235.0  11.0
  750.  2529.     8.4   -7.7 228.7  11.2
  775.  2258.     8.6    0.0 225.2  12.4
  800.  1996.     7.2    6.8 223.0  14.9
  825.  1742.     7.8    7.6 222.1  16.2
  850.  1495.    10.4    9.3 221.2  15.6
  875.  1253.    11.2   10.2 219.2  14.6
  900.  1017.    10.7    9.3 215.4  12.5
  925.   788.    11.0    9.9 205.9  11.9
  950.   565.    12.2   11.1 191.4   9.5
  975.   347.    12.8   11.8 158.2   7.8
  992.   200.    12.0   11.6 128.5   2.7
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MODEL SOUNDING

GRID POINT  401.15 211.12
LAT/LON/ELEV:  40.20  -87.60   212m 

04/07/2015 06Z

  PRES HGT(MSL)  TEMP   DEWP  WDIR  WSPD
  HPA     M        C      C    DEG   M/S

   50. 20549.   -61.5  -89.0 307.2   4.6
  100. 16246.   -60.4  -85.6 283.9  20.4
  150. 13713.   -60.2  -79.7 271.2  31.0
  200. 11943.   -63.5  -69.3 261.3  35.6
  250. 10546.   -54.0  -57.1 263.3  30.8
  300.  9351.   -44.5  -48.1 267.7  28.1
  350.  8300.   -35.9  -44.5 269.9  27.2
  400.  7356.   -27.5  -42.3 270.2  24.8
  450.  6498.   -20.9  -36.2 267.0  21.9
  500.  5714.   -17.4  -21.3 258.9  17.3
  550.  4994.   -12.1  -15.6 260.7  15.5
  600.  4320.    -6.4  -12.7 257.0  15.2
  650.  3689.    -1.4   -7.5 245.4  14.6
  700.  3094.     3.3   -4.8 239.2  14.1
  725.  2808.     5.8   -4.3 239.5  13.5
  750.  2529.     7.8   -2.9 241.8  13.2
  775.  2258.     8.6    1.0 242.1  14.2
  800.  1996.     8.3    5.0 241.2  15.2
  825.  1742.     8.2    6.3 242.1  15.4
  850.  1494.    10.5    7.8 243.1  15.4
  875.  1252.    11.7    9.5 240.8  14.5
  900.  1016.    12.0    9.5 235.6  12.6
  925.   786.    12.7   10.4 221.4  12.0
  950.   561.    13.4   11.9 204.8  10.3
  975.   342.    13.6   12.7 177.2   6.5
  992.   200.    13.0   12.5 129.3   2.3

A5.17



 

 

 
 
 
 
 
 
 
 
 

Wind Data (IND) 
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20150406_nam12
MODEL SOUNDING

GRID POINT  411.04 207.26
LAT/LON/ELEV:  39.73  -86.27   246m 

04/06/2015 18Z

  PRES HGT(MSL)  TEMP   DEWP  WDIR  WSPD
  HPA     M        C      C    DEG   M/S

   50. 20546.   -60.9  -89.0 287.9   6.8
  100. 16227.   -59.0  -87.7 283.8  22.8
  150. 13700.   -63.2  -77.9 282.5  36.1
  200. 11947.   -62.5  -64.2 274.9  46.4
  250. 10547.   -53.1  -56.5 270.5  42.5
  300.  9344.   -43.2  -47.2 270.2  38.2
  350.  8290.   -35.7  -52.7 270.8  34.9
  400.  7345.   -27.2  -54.7 272.9  31.7
  450.  6488.   -22.1  -40.4 270.8  24.5
  500.  5707.   -17.3  -31.6 267.9  20.2
  550.  4985.   -11.3  -23.3 267.7  19.5
  600.  4311.    -6.2  -18.7 266.0  17.8
  650.  3680.    -1.6  -16.2 264.2  15.4
  700.  3087.     1.0   -2.8 254.0  16.0
  725.  2804.     2.1    0.6 247.1  17.1
  750.  2530.     3.8    3.4 244.4  17.1
  775.  2262.     6.5    5.9 243.2  15.2
  800.  2000.     7.9    7.3 240.3  13.5
  825.  1745.     7.9    7.3 234.0  13.2
  850.  1499.     8.2    7.6 229.2  13.6
  875.  1259.     7.8    7.2 223.8  10.9
  900.  1027.     7.6    6.7 207.9   8.3
  925.   800.     9.2    6.5 198.1   6.4
  950.   578.    11.2    6.5 203.8   4.7
  975.   360.    13.3    7.1 204.5   4.1
  989.   242.    14.9    8.4 197.7   3.5

A5.19
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MODEL SOUNDING

GRID POINT  411.04 207.26
LAT/LON/ELEV:  39.73  -86.27   246m 

04/06/2015 21Z

  PRES HGT(MSL)  TEMP   DEWP  WDIR  WSPD
  HPA     M        C      C    DEG   M/S

   50. 20540.   -61.5  -89.4 299.8   6.5
  100. 16231.   -59.1  -87.8 281.8  23.9
  150. 13700.   -62.6  -78.5 277.7  36.2
  200. 11946.   -62.8  -65.6 272.8  43.7
  250. 10548.   -53.4  -56.8 266.2  38.6
  300.  9344.   -42.7  -46.1 268.5  34.5
  350.  8288.   -36.3  -42.7 273.4  29.2
  400.  7347.   -27.8  -67.3 276.5  27.4
  450.  6490.   -21.9  -40.6 276.7  23.8
  500.  5708.   -17.2  -28.0 276.2  19.0
  550.  4987.   -11.6  -22.7 275.2  16.8
  600.  4313.    -6.4  -20.0 266.8  15.1
  650.  3683.    -1.7  -11.8 257.0  13.4
  700.  3089.     2.1   -2.1 246.1  14.9
  725.  2804.     3.2    1.4 239.7  16.9
  750.  2529.     4.3    4.1 235.0  18.5
  775.  2260.     6.6    6.4 231.3  16.8
  800.  1999.     7.9    7.6 226.5  15.1
  825.  1744.     8.3    8.0 222.0  16.6
  850.  1497.     8.5    8.2 220.6  16.8
  875.  1257.     9.0    8.7 218.7  16.5
  900.  1023.     9.6    9.4 217.4  15.4
  925.   795.     9.9    9.4 206.5  11.9
  950.   572.    10.9    9.5 190.0   7.8
  975.   355.    12.8   10.2 179.7   5.3
  988.   242.    13.9   10.9 175.7   3.5

A5.20
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MODEL SOUNDING

GRID POINT  411.04 207.26
LAT/LON/ELEV:  39.73  -86.27   246m 

04/07/2015 03Z

  PRES HGT(MSL)  TEMP   DEWP  WDIR  WSPD
  HPA     M        C      C    DEG   M/S

   50. 20554.   -60.7  -88.6 311.9   5.4
  100. 16243.   -60.5  -85.7 288.2  22.4
  150. 13719.   -62.4  -80.5 273.4  38.9
  200. 11957.   -63.0  -66.0 262.4  39.8
  250. 10556.   -53.0  -60.7 268.7  35.1
  300.  9357.   -44.0  -52.2 272.0  30.5
  350.  8303.   -35.3  -46.8 275.3  28.0
  400.  7359.   -27.9  -50.3 275.5  23.2
  450.  6504.   -22.6  -37.0 278.6  17.1
  500.  5725.   -18.0  -27.2 280.2  13.2
  550.  5006.   -12.3  -22.5 285.0  12.2
  600.  4333.    -6.6  -16.3 286.5  13.5
  650.  3702.    -1.2  -11.5 278.2  13.1
  700.  3106.     3.8   -8.8 255.9  11.1
  725.  2820.     5.3   -3.7 244.2  11.6
  750.  2543.     5.6    3.1 236.9  13.7
  775.  2274.     6.4    6.3 234.2  15.9
  800.  2012.     7.7    7.6 233.2  16.7
  825.  1757.     8.9    8.6 228.5  16.5
  850.  1509.     9.9    8.7 222.4  17.2
  875.  1268.    11.0    9.6 221.8  16.2
  900.  1032.    11.0   10.8 212.7  12.4
  925.   803.    12.3   11.4 203.3  11.2
  950.   578.    14.0   11.2 193.5   8.8
  975.   359.    13.6   11.7 152.3   6.7
  989.   242.    12.2   11.5 120.9   2.3
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MODEL SOUNDING

GRID POINT  411.04 207.26
LAT/LON/ELEV:  39.73  -86.27   246m 

04/07/2015 06Z

  PRES HGT(MSL)  TEMP   DEWP  WDIR  WSPD
  HPA     M        C      C    DEG   M/S

   50. 20545.   -61.6  -89.0 309.9   4.4
  100. 16247.   -61.0  -86.1 284.4  20.5
  150. 13722.   -60.8  -80.2 273.7  32.3
  200. 11952.   -63.9  -69.0 265.0  37.5
  250. 10557.   -53.8  -56.4 265.0  32.8
  300.  9360.   -44.3  -48.6 269.0  29.8
  350.  8309.   -35.6  -45.1 274.1  27.8
  400.  7364.   -27.4  -45.5 275.1  25.0
  450.  6506.   -21.8  -32.8 271.3  20.7
  500.  5725.   -17.6  -18.5 264.2  14.9
  550.  5004.   -12.0  -13.4 262.7  13.2
  600.  4331.    -6.8   -9.5 254.6  13.2
  650.  3700.    -1.4   -7.6 244.4  13.1
  700.  3104.     3.6   -6.9 243.7  12.3
  725.  2819.     5.1   -3.1 244.6  12.2
  750.  2542.     5.7    1.3 242.0  13.2
  775.  2272.     7.1    5.0 238.2  14.7
  800.  2010.     9.2    7.6 237.5  16.0
  825.  1754.    10.9    9.0 240.7  16.8
  850.  1504.    11.3    9.4 243.8  16.6
  875.  1261.    11.8    9.9 242.3  15.9
  900.  1025.    12.0   10.0 233.0  14.5
  925.   795.    12.7   11.2 216.4  12.6
  950.   571.    13.7   12.5 201.4   9.3
  975.   351.    14.6   12.5 182.2   5.6
  987.   242.    13.8   12.2 136.0   2.1

A5.22



 

A6.1 

 
 
 
 
 
 
 
 
 

 Attachment 6:   RAM – Series IV Engine Performance 
Comparison to Cessna 414A;         
RAM – Series IV Engine QRC 

 
 
 



 • Waco Regional Airport •  • Waco, TX 76708 
Phone:  • Fax:  •   

ENGINES • PARTS • PROPELLERS • ACCESSORIES • STC'S

Performance - Cessna 414A  
RAM - Series IV  

Cessna 414A RAM Series IV 

310 hp 325 hp

1,600 1,600

206 206

38” 41“

NA 1486

1500 1580

NA 257

270 316

2450 & 31.5” 2500 & 35.0”

24 19

208 215

192 203

176 190

NA +355

6,785 7,140

6,750 7,105

6,750 6,750

6,515 6,515

With Winglets

Ramp Weight - lbs. 6,785 7,087

Gross Weight - lbs. 6,750 7,087

Zero Fuel Weight - lbs. 6,515 6,515

Wingspan, or Winglets Tip Top Span 44’-1.5” 45’- 4.8”

   

RAM Performance - Cessna 414A Series IV 325 hp

SM042A17    Page 1 of 2     Product, Price, Specifications and Availability subject to change without notice.

Performance should vary from airplane to airplane, atmospheric day to atmospheric day, one gross weight and 
CG to another, and pilot to pilot.

Primary Specifications 

Engine Model: Continental TSIO-520-NB 

TBO - hours 

Fuel Capacity - useable - gallons

Takeoff Manifold Pressure @ 2700 rpm 

Twin Engine Climb - ISA @ 7,105 lbs.

Twin Engine Climb - ISA @ 6,750 lbs. 

Single Engine Climb - ISA @ 7,105 lbs. 

Single Engine Climb - ISA @ 6,750 lbs. 

Cruise Climb Power - ISA + 30°F - RPM & MP 

Cruise Climb - SL to 18,000 ft - minutes 

Cruise @ 75% - ISA - 20,000 ft. - ktas 

Cruise @ 65% - ISA - 20,000 ft. - ktas 

Cruise @ 55% - ISA - 20,000 ft. - ktas 

Useful Load Increase - lbs.

Ramp Weight - lbs.

Gross Weight - lbs.

Landing Weight - lbs.

Zero Fuel Weight - lbs.

A6.2
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RAM Series IV 

RAM Recommended Cruise Power Settings when using an Electronic Fuel Measurement System 
PN 2402 Cessna T310/320 & 340/A & 414 & 414A •TSI0-520-NB •325 hp Page 2 

Cruise Power: 75% 244.!m 65% 211 .!m 55% 179b.Q 45% 146 .!m 

RPM: 2400 2300 2300 2200 
Fuel Flow: 20.4gph 119ppt 17 .9gph 105 pph 15.4gph 90 pph 12.9gph 75 pph 

EGT: 1650"Fmax. 1650"Fmax. 1650"Fmax. 1625"Fmax. 
10,000 ft. MP : 

ISA -3Q"F - 7"F (-22"C) 32.0" 29.5" 26.5" 22.5" 
ISA•F 2J"F (-5·c> 33 .0" 30.5" 27 .5" 23.5" 
ISA +3Q•F 53 "F (+12.C) 33.5" 32.0" 28.5" 24.5" 
15,000 ft. MP: 

ISA -3Q•F -25"F (-32"C} 32.0" 29 .5" 26.5" 22.5" 
ISA•F 5"F (-15.C) 33.0" 30.5" 27 .5" 23.5" 
ISA +3Q•F 35"F (-2·C) 33.5" 32.0" 28.5" 24.5" 
20,000 ft. MP: 

ISA -3o•F -42"F (-41 •C} 32.0" 29.5" 26.5" --
ISA"F -12"F (-25"C) 33.0" 30.5" 27 .5" --
ISA +3o•F 18"F (-a·c) 33.5" 32.0" 28.5" --
25,000 ft. MP:@245Q BPM 

ISA -3o•F -6o"F (-51"Cl 31.5" 29.5" 26.5" --
ISA"F -3Q"F (-34.C) 32.5" 30.5" 27 .5" --
ISA +3Q•F Q"F (-18.C) 33.0" 32.0" 28.5" --

Note: Setting fuel now by the peak and enrichen method is not recommended when 
this chart is available and the fuel flow indicator being used is electronic. 

STANDARD DAY TEMPERATURE SCALE 

15'C s~c o~c &5vC -15 c · 2:3 c -JS C 
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 Attachment 7:   Estimated Fuel Burn Using the  
Cessna 414A POH and the              
RAM – Series IV Engine QRC 

 
 



Estimated Fuel Burn and Flight Time, BMI to IND

Ramp Weight 7277.0 lb
Cruise Avg. Weight 7141.1 lb

gallons pounds nm min time, CDT
Engine start, taxi, takeoff 5.7 33.5 0.0 0.0 14:30:00

Cruise climb Pres. Alt., ft Temp, C
begin altitude, feet 817 16.5 0.7 4 2.3 1
end altitude, feet 9,000 6.5 7.9 46 26.3 11.5
segment totals 7.2 42 25.8 10.5

17.1 knot TW
Cruise at 75%

begin altitude, feet 9,000 5.0
end altitude, feet 9,000 5.0
segment totals 20.6 120.8 104.7 30.4

20.9 knot TW
Descent

begin altitude, feet 9,000 3.0 3.5 20.6 27.5 8.7
end altitude, feet 710 15.0 0.2 1.0 1.3 0.4
segment totals 3.3 19.6 27.6 8.3

26.4 knot TW
Landing assumed 0.5 3 0 0
Taxi assumed 0.5 3 0 0 15:22:00

Total 37.9 221.9 158.15 49.1 52.0
gallons pounds nm minutes minutes

POH/RAM FlightAware

Fuel Burn 46.3 gph

Trip Distance 182.0 sm FlightAware
158.16 nm

Cruise leg 104.72 nm
186.0 knots, POH/RAM
184.0 knots, FlightAware
2.0 knots, difference
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Estimated Fuel Burn and Flight Time, IND to BMI

Ramp Weight 7381.0 lb
Cruise Avg. Weight 7220.4 lb

gallons pounds nm min time, CDT
Engine start, taxi, takeoff 5.7 33.5 0.0 0.0 23:07:00

Cruise climb Pres. Alt., ft Temp, C
begin altitude, feet 719 14.0 0.5 3.2 1.8 0.8
end altitude, feet 8,000 6.1 6.8 40 22.9 10
segment totals 6.3 36.8 19.6 9.2

15.7 knot HW
Cruise at 75%

begin altitude, feet 8,000 8.3
end altitude, feet 8,000 8.3
segment totals 30.9 180.5 129.6 45.4

12.7 knot HW
Descent

begin altitude, feet 8,000 7.8 3.2 18.9 25.0 8
end altitude, feet 812 13.0 0.2 1.2 1.5 0.5
segment totals 3.0 17.8 22.9 7.5

11.7 knot HW
Landing assumed 0.5 3 0 0
Taxi assumed 0.5 3 0 0 0:06:00

Total 46.9 274.6 172.06 62.1 59.0
gallons pounds nm minutes minutes

POH/RAM FlightAware

Fuel Burn 45.4 gph

Trip Distance 198.0 sm FlightAware
172.06 nm

Cruise leg 129.56 nm
184.0 knots, POH/RAM
182.0 knots, FlightAware
2.0 knots, difference
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