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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.2
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.3
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.4
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.5
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.6
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.7
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.8
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.11
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.12
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.13
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.14
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.15
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.16
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.17
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.18
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.19
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.20
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.21
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.22
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.23
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.24
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.25
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.26
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.27
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.28
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.29
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.30
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.31
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.32



840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120

800

1000

1200

1400

1600

1800

2000

2200

2400

2600

No Recorded Altitude Data No Alt. Data

A
lti

tu
de

, f
ee

t

 

 

calculated

CMI Radar

estimated

Non−precision loc. app. MDA = 1,260 feet

ILS runway 20 decision altitude = 1,071 ft

TDZ elevation = 871 ft

Accident site GPS elevation = 854 ft

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120
40

50

60

70

80

90

100

110

120

130

140

150

160

No Recorded Altitude Data No Alt. Data

S
pe

ed
, k

no
ts

 

 

calculated airspeed

calculated groundspeed

recorded groundspeed (Sandel)

V
MCair

 or V
S F45

V
S F0

, GEAR UP

V
S F45

, GEAR DOWN

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120
0

0.5

1

1.5

2

2.5

No Recorded Altitude Data No Alt. Data

Time, seconds

Li
ft 

C
oe

ffi
ci

en
t

 

 

calculated cl

calculated cl/n

CL
max F0

 = 1.84

CL
max F45

 = 2.14

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120
−50

−40

−30

−20

−10

0

10

20

30

40

50

No Recorded Altitude Data No Alt. Data

Time, seconds

A
ng

le
, d

eg
re

es

 

 

calculated pitch

estimated pitch

calculated angle of attack

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120
−100

−80

−60

−40

−20

0

20

40

No Recorded Altitude Data No Alt. Data

Cessna 414A, N789UP, Simulation Using Up to 56.0 Percent of Dual Engine Horsepower

R
ol

l A
tti

tu
de

, d
eg

re
es

 

 

calculated

estimated

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120
0

50

100

150

200

250

300

350

No Recorded Altitude Data No Alt. Data

T
ru

e 
H

ea
di

ng
, d

eg
re

es

 

 

calculated

estimated

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120

−6000

−4000

−2000

0

2000

4000

No Recorded Altitude Data No Alt. Data

R
at

e 
of

 C
lim

b,
 fp

m

 

 

calculated

estimated

Twin Engine Climb; ISA; 7,105 lb

Single Engine Climb; ISA; 7,105 lb

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120
−200

−100

0

100

200

300

400

500

600

700

No Recorded Altitude Data No Alt. Data

Time, seconds

H
or

se
po

w
er

 

 

calculated hp required

calculated hp available

            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.33
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.34
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.35



840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120

800

1000

1200

1400

1600

1800

2000

2200

2400

2600

No Recorded Altitude Data No Alt. Data

A
lti

tu
de

, f
ee

t

 

 

calculated

CMI Radar

estimated

Non−precision loc. app. MDA = 1,260 feet

ILS runway 20 decision altitude = 1,071 ft

TDZ elevation = 871 ft

Accident site GPS elevation = 854 ft

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120
40

50

60

70

80

90

100

110

120

130

140

150

160

No Recorded Altitude Data No Alt. Data

S
pe

ed
, k

no
ts

 

 

calculated airspeed

calculated groundspeed

recorded groundspeed (Sandel)

V
MCair

 or V
S F45

V
S F0

, GEAR UP

V
S F45

, GEAR DOWN

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120
0

0.5

1

1.5

2

2.5

No Recorded Altitude Data No Alt. Data

Time, seconds

Li
ft 

C
oe

ffi
ci

en
t

 

 

calculated cl

calculated cl/n

CL
max F0

 = 1.84

CL
max F45

 = 2.14

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120
−50

−40

−30

−20

−10

0

10

20

30

40

50

No Recorded Altitude Data No Alt. Data

Time, seconds

A
ng

le
, d

eg
re

es

 

 

calculated pitch

estimated pitch

calculated angle of attack

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120
−100

−80

−60

−40

−20

0

20

40

No Recorded Altitude Data No Alt. Data

Cessna 414A, N789UP, Simulation Using Up to 59.0 Percent of Dual Engine Horsepower

R
ol

l A
tti

tu
de

, d
eg

re
es

 

 

calculated

estimated

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120
0

50

100

150

200

250

300

350

No Recorded Altitude Data No Alt. Data

T
ru

e 
H

ea
di

ng
, d

eg
re

es

 

 

calculated

estimated

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120

−6000

−4000

−2000

0

2000

4000

No Recorded Altitude Data No Alt. Data

R
at

e 
of

 C
lim

b,
 fp

m

 

 

calculated

estimated

Twin Engine Climb; ISA; 7,105 lb

Single Engine Climb; ISA; 7,105 lb

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120
−200

−100

0

100

200

300

400

500

600

700

No Recorded Altitude Data No Alt. Data

Time, seconds

H
or

se
po

w
er

 

 

calculated hp required

calculated hp available

            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.36
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.37
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.38
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.39
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.40
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.41
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.42



840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120

800

1000

1200

1400

1600

1800

2000

2200

2400

2600

No Recorded Altitude Data No Alt. Data

A
lti

tu
de

, f
ee

t

 

 

calculated

CMI Radar

estimated

Non−precision loc. app. MDA = 1,260 feet

ILS runway 20 decision altitude = 1,071 ft

TDZ elevation = 871 ft

Accident site GPS elevation = 854 ft

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120
40

50

60

70

80

90

100

110

120

130

140

150

160

No Recorded Altitude Data No Alt. Data

S
pe

ed
, k

no
ts

 

 

calculated airspeed

calculated groundspeed

recorded groundspeed (Sandel)

V
MCair

 or V
S F45

V
S F0

, GEAR UP

V
S F45

, GEAR DOWN

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120
0

0.5

1

1.5

2

2.5

No Recorded Altitude Data No Alt. Data

Time, seconds

Li
ft 

C
oe

ffi
ci

en
t

 

 

calculated cl

calculated cl/n

CL
max F0

 = 1.84

CL
max F45

 = 2.14

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120
−50

−40

−30

−20

−10

0

10

20

30

40

50

No Recorded Altitude Data No Alt. Data

Time, seconds

A
ng

le
, d

eg
re

es

 

 

calculated pitch

estimated pitch

calculated angle of attack

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120
−100

−80

−60

−40

−20

0

20

40

No Recorded Altitude Data No Alt. Data

Cessna 414A, N789UP, Simulation Using Up to 66.0 Percent of Dual Engine Horsepower

R
ol

l A
tti

tu
de

, d
eg

re
es

 

 

calculated

estimated

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120
0

50

100

150

200

250

300

350

No Recorded Altitude Data No Alt. Data

T
ru

e 
H

ea
di

ng
, d

eg
re

es

 

 

calculated

estimated

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120

−6000

−4000

−2000

0

2000

4000

No Recorded Altitude Data No Alt. Data

R
at

e 
of

 C
lim

b,
 fp

m

 

 

calculated

estimated

Twin Engine Climb; ISA; 7,105 lb

Single Engine Climb; ISA; 7,105 lb

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120
−200

−100

0

100

200

300

400

500

600

700

No Recorded Altitude Data No Alt. Data

Time, seconds

H
or

se
po

w
er

 

 

calculated hp required

calculated hp available

            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.43
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.44
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.45
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.46
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.47
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.48
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.49
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.50
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.51
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.52
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.53
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.54
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.55
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.56
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.57
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.58
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.59
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.60
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.61
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.62
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.63
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.64
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.65
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.66



840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120

800

1000

1200

1400

1600

1800

2000

2200

2400

2600

No Recorded Altitude Data No Alt. Data

A
lti

tu
de

, f
ee

t

 

 

calculated

CMI Radar

estimated

Non−precision loc. app. MDA = 1,260 feet

ILS runway 20 decision altitude = 1,071 ft

TDZ elevation = 871 ft

Accident site GPS elevation = 854 ft

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120
40

50

60

70

80

90

100

110

120

130

140

150

160

No Recorded Altitude Data No Alt. Data

S
pe

ed
, k

no
ts

 

 

calculated airspeed

calculated groundspeed

recorded groundspeed (Sandel)

V
MCair

 or V
S F45

V
S F0

, GEAR UP

V
S F45

, GEAR DOWN

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120
0

0.5

1

1.5

2

2.5

No Recorded Altitude Data No Alt. Data

Time, seconds

Li
ft 

C
oe

ffi
ci

en
t

 

 

calculated cl

calculated cl/n

CL
max F0

 = 1.84

CL
max F45

 = 2.14

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120
−50

−40

−30

−20

−10

0

10

20

30

40

50

No Recorded Altitude Data No Alt. Data

Time, seconds

A
ng

le
, d

eg
re

es

 

 

calculated pitch

estimated pitch

calculated angle of attack

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120
−100

−80

−60

−40

−20

0

20

40

No Recorded Altitude Data No Alt. Data

Cessna 414A, N789UP, Simulation Using Up to 90.0 Percent of Dual Engine Horsepower

R
ol

l A
tti

tu
de

, d
eg

re
es

 

 

calculated

estimated

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120
0

50

100

150

200

250

300

350

No Recorded Altitude Data No Alt. Data

T
ru

e 
H

ea
di

ng
, d

eg
re

es

 

 

calculated

estimated

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120

−6000

−4000

−2000

0

2000

4000

No Recorded Altitude Data No Alt. Data

R
at

e 
of

 C
lim

b,
 fp

m

 

 

calculated

estimated

Twin Engine Climb; ISA; 7,105 lb

Single Engine Climb; ISA; 7,105 lb

840 860 880 900 920 940 960 980 1000 1020 1040 1060 1080 1100 1120
−200

−100

0

100

200

300

400

500

600

700

No Recorded Altitude Data No Alt. Data

Time, seconds

H
or

se
po

w
er

 

 

calculated hp required

calculated hp available

            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.67
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.68
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.69
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.70
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.71
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.72
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.73
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.74
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.75
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.76
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            [Model sounding wind direction adjusted by -40 degrees; Constant engine horsepower] A8.77
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