Bagenal May 2, 2012

Voyager PLS Spacecraft to Instrument Coordinates

Following notes from Stan Olbert and Alan Barnett (VoyPLSrespBarnett.pdf) the spacecraft to
instrument transformation matrices are as below. These have been checked for unit flow vectors in
the spacecraft (s/c) X, Y, and Z directions.

DEGREES azmuthl polar2

A 30.00 20.00
B 150.00 20.00
C 270.00 20.00
D 223.00 88.00
TESTS
Input-s/c Vx Vy
V1 0 0
A 0 -0.3420
B 0 -0.3420
C 0 -0.3420
D 0 -0.9990
Vx Vy
Vi 0 1
A -0.865 0.47
B 0.865 0.47
C 0 -0.94
D 0.731 -0.024
Vx Vy
Vi 1 0
A 0.5 0.813
B 0.5 -0.813
C 1 0
D -0.682 -0.026

Note that there are 2 previous Voyager
memos (#20 Jim Sullivan and #29 Al
Lazarus) that use different coordinate
definitions. Both have slightly different

Vz

Vz

Vz

Matrix from S/C to Cup coordinates

8

0.171
0.171
-0.342
-0.682

1 2 3 4 5 6 7
0.5 -0.865 0 0.813 0.47 -0.342 0.296
0.5 0.865 0 -0.813 0.47 -0.342 -0.296
1 0 0 0 -0.94 -0.342 0
-0.682 0.731 0 -0.026 -0.024 -0.999 -0.731
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angles and #20 has several typos.
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From Memos #20 and #29

From Voyager Memos #20 and #29

DEGREES  V1azl V1 pol2
A 120.70 19.99 Note that Lazarus & Sullivan use different coordinate systems to each other and to Barnett.
B -119.60 20.00
C -0.30 19.47
D -47.43 88.31
MATRIX ELEMENTS for AM - Voyager 1
RADIANS V1azl V1 pol2 1 2 3 4 5 6 7 8 9
A 2.1066 0.3489 -0.5105 0.8599 0 -0.8080 -0.4798 0.3419 0.2939 -0.1745 0.9398
B -2.0874 0.3491 -0.4939 -0.8695 0 0.8171 -0.4642 0.3420 -0.2974 0.1689 0.9397
C -0.0052 0.3398 1.0000 -0.0052 0 0.0049 0.9428 0.3333 -0.0017 -0.3333 0.9428
D -0.8278 1.5413 0.6765 -0.7365 0 0.0217 0.0200 0.9996 -0.7361 -0.6762 0.0295
DEGREES  V2azl V2 pol2
A 120.30 19.97
B -121.10 19.78
C -0.58 19.60
D -47.43 88.77
MATRIX ELEMENTS for AM - Voyager 2
RADIANS V2 azl V2 pol2 1 2 3 4 5 6 7 8 9
A 2.0996 0.3485 -0.5045 0.8634 0 -0.8115 -0.4742 0.3415 0.2949 0.1723 0.9399
B -2.0874 0.3452 -0.4939 -0.8695 0 0.8182 -0.4648 0.3384 -0.2942 0.1672 0.9410
C -0.0101 0.3421 0.9999 -0.0101 0 0.0095 0.9420 0.3355 -0.0034 -0.3354 0.9421
D -0.8278 1.5493 0.6765 -0.7365 0 0.0158 0.0145 0.9998 -0.7363 -0.6763 0.0215
TESTS , ( )
. Y 4 5B Fi [ ) ¢
L A6 ~Wawe #2219
A 0 0.3419 0.9398
B 0 0.3420 0.9397 Y S /c
C 0 0.3333 0.9428
D 0 0.9996 0.0295
Vx Vy Vz
vl 0 1 i}
A 0.8599 -0.4798 -0.1745
B -0.8695 -0.4642 0.1689
C -0.0052 0.9428 -0.3333
D -0.7365 0.0200 -0.6762
Vx Vy Vz
Vi 1 0 ]
A -0.5105 -0.8080 0.2939
B -0.493%9 0.8171 -0.2974
C 1.0000 0.0049 -0.0017
D 0.6765 0.0217 -0.7361

&

ZS/C
These values make sense with
coordinate system to right (red)



MIT Voyager Memo No. 29
To: Voyager Internal
From: A. Lazarus
Date: January 25, 1978

Subject: Relative cup transparencies.

This note describes a procedure for finding the relative cup
transparencies which can then be used to correct the density caicu-
lations. The following calculations transform the solar wind velocity
(given in "sensor" coordinates) to coordinate systems natural for each
cup; find the flow angles realtive to the grid normal; and compute the
transparency using optical grid transparencies. Nominal sensor orienta-
tions are used but the analysis herein can accept the correct orientations
and can be modified to use more sophisticated transparencies.

The measured velocities are given in "sensor" coordinates as
defined in Fig. 1. For any cup, we then define a "cup" coordinate

system Xy yk, Zk’ and normal Nk as follows ; /
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Fig.1- Sensor Coordinates f Fig.2- Cup Coordinates
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The steps we need to take are
1) find the rotation matrix giving V, , V. , V. in terms of V ,
X Y g X
Vy, VZ (which are the wind velocity components in sensor coordinates);
2) knowing the cup velocity components, we can then calculate the

cup transparency and then

3) correct the density measured by that cup.

Step 1

Use the Euler angle transformationsas follows:
i) Rotate about z until x-axis is parallel to cup X-axis,xk;
i1) rotate about new x-axis until new z-axis is in Zys X plane;

ii1) rotate about new y-axis until z-axes coincide.

X'= X a5, + ¥ sin vy,
y'=-xsiny, +ycos vy,
; !

¥ ==

i f Yga.
/ ; |

. Yk . Zsc '
X fx |

| O BTeey :
.Y' i M] Yy
tz z

S Moo= [cOs Yy, siny, O
1 -siny, cosy, O
0




ii) x" = x
y' = y'cos y, * z' sin vy,
n o= _ . '
z y sin y, +2' cos v,

¢ 5

1 0 0

n

oMy
0 cos Yp + sin Yo

0 -sin v, cos ¥,

S /

11]) xM = x" cos T3 -z

n s
sin vq

y"l =y

] 1] » n
= 2" §in + z 0s
Z Y3 c Y3

ﬂ? & cgs Y3 ? —sgn Y3
ke sin Y3 0 cos Y4

Y =0, fhew M= [578] ¢, AM= Mo M,

The overall transformation is M3M2M1 = AM

; COSY, cosy] ~s1nv3 s1nya sm«(1 oSy, siny] +siny3 sim'2 cosY,
AM=|_— (b>7%§4ﬁ/75‘ sin N €os Yy, COS Yy
s1n?§ cos¥1+ cos’E 51nY2 sinY1 sin*% sinY}- cosy3 siny2 cosy1

Parameters for the sensors (ref. Voyager Memo. No. 20): Note

that the axes are not the same* The axes in this memo are the
WHCH?7 . B
same as used in the analysis program .

*

.
.

Sensor ¥y Yo

A #120.774120.7  19.99720.3°

B 19.6/-121.28 200.0719.76°

& 5,37 #.56 19.47719.5
A A

—

¢=90° - gold — Moconn = = =244

Q<¢°” 2" fo1g

—siny3 cosyé
sin Yo
cosY5 COSY,



Using the nominal values,

Y

(.5 | -866 |
’ -5 -.866 0 '
¥ : 0 !
i L] t ] '
[ N [ ~ . cup A
-.811: _.470 L =
AM= j +.813| |-.a70| .342 } and |. gﬂgg
oy o | .940 | '
([ 269 (<171
-.269 (1;).171 .940
{ 0} Lv.aazj
W ‘i‘t'\.-/'ﬂff'-\\ 5 EC\ A
Step 2 s ¥
Transform the solar wind velocity components.
[v v
: X
K = AM v
Yy, B y
v ’ v
. Z
%]

Now given thve velocity in the cup frame find cosa and cosB where
vz

cosg = 1/sz+ Vy
V7

cosB = #sz** Yy

_ d d
then T = (] “:scoss’)“’ SCOSQ)

where d is the diameter of a grid wire and ik

s is the spacing between the wire centers
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MIT Voyager Memo No. 20

TO: Voyager Internal
H. Mertz
FROM: J.D. Sullivan
DATE: August 9, 1977
RE: Final sensor alignment date 3/céghhéwg%igp\
pal

V4

The angles are standard gpherical coordinates (6 is the polar angle and

¢ is the azimuth) of the outward normal to the respecfive sensors in a right
handed coordinate system defined as follows: the z-axis is the outward normal
to the front face of the reference cube (the nominal axis of symmetry for the
main sensor); the x-axis is perpendicular to the z-axis in the general directiom
of the C sensor, and is in the plane which contains the outward normal to a zide
of the reference cube which is most nearly parallel to the long side of the

C sensor; and the y-axis completes a right-handed coordinate system.
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FINAL PLS ALIGNMENTS

MIT Unit Serial Number

U s - . s ;R i /)

- VOYALER A VoY A A ;
_ PTM FLT1 FLT2
Sensor SROO0L SNOO2 SNOO3

20.3 19.99 19.97
-120.7 -120.7 -120.3

19.78 20.0 19.78
121.2 119.6 121.1

©
¥
&
c ézj 19.5 19.47 19.6
4
S

0.56 +0.3 0.58
D 88.2 88.31 88.77
47.16 e 47.43
Date |
Measured 24 Mar'77 11 Apr'77 7 Mar'77
Reference .
Direction 90.84 90.92 90.35
42.52 43.78 45.35
Lipearity 0.999836(2) 0.999998(1) 0.999989(2)
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