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1  INTRODUCTION 
 
The tolerance analysis for the Ultraviolet and Visible-light Coronal Imager (UVCI) for 
the HERSCHEL sounding rocket (SR) is presented here. 
The analysis was performed for the two paths of UVCI, the EUV path and the Visible-
Light (VL) path (see Fig. 1.1 and 1.2), using the latest optical design versions (UVCI-
03, UVCI-04) in the ZEMAXTM  format.  
The basic configuration of HERSCHEL/UVCI consists of two types of  optical 
components: those who perform the imaging, and those who contribute to the solar 
disk light rejection. The imaging components are the two telescope mirrors: primary 
mirror (M1), and  secondary mirror (M2); the bandpass filter (FM); the visible-light 
polarimeter assembly (PS); the visible-light detector (VLD); and the UV detector 
(UVD). The solar disk light rejection components are the boom, that includes the 
external occulter (EO), 5 baffles (BF), and the solar disk rejection mirror (M0); the 
internal occulter (IO); and the Lyot trap (LT) placed behind M2. Only the imaging 
components, that contribute to form the image on the detector focal plane, are taken 
in consideration for the tolerances computation, the solar disk light rejection 
components did not concern the present tolerance analysis. Where known, the 
construction tolerances are assumed in the calculations (e.g. for the mirrors M1 and 
M2).  
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Figure 1.1  - Ray tracing for the UVCI / VL path (UVCI-04). 
R

Figure 1.2  - Ray tracing for the UVCI / EUV  path (UVCI-03). 
.doc 3
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2 REFERENCE SYSTEM 

 
UVCI is an off-axis telescope, where the optical axis of the beam path, from EO to FP, 
lays on a plane which will be called optical axis plane. The Global Reference System 
(GRS) used in this tolerance analysis has the origin of the axes is the center of the 
front face of EO; the z-axis is directed along the optical axis of the boom assembly 
from  EO towards M0; the y-axis is directed along the optical axis plane (see Fig. 1.1 
and 1.2). 
In order to define the stability requirements and the mechanical positioning tolerances 
a Local Reference System (LRS) is defined for each component, such that the origin of 
the reference is centered in the GRS coordinates of the component (see Table 2.1). 
The LRS of some components can also be tilted with respect to the GRS. Note that for 
M1 and M2 the origin of their LRS is placed in the center of the mirror, but it is not 
tilted, as the real optical axis of these two off-axis mirrors is parallel to the GRS z-
axis. 
 

 
Effective nominal position  

 (G.R.S.) 

 Assembly Name ITEM  
X 

[mm] 
Y 

[mm] 
Z 

[mm] 
Mx 

[deg] 
My 

[deg] 
Mz 

[deg] 

External  occulter (EO) 0 0 0 0 0 0 

Disk rejection mirror (M0) 0 0 2300 - 0.517 0 0 

Baffle 1 (B1) 0 0 375 0 0 0 

Baffle 2 (B2) 0 0 770 0 0 0 

Baffle 3 (B3) 0 0 1100 0 0 0 

Baffle 4 (B4) 0 0 1390 0 0 0 

  
  
  
Boom-Assy 
  
  
  
  

Baffle 5 (B5) 0 0 1640 0 0 0 

Primary mirror (M1) 0 0 2694.36 0 0 0 

Internal occulter (IO) 0 82.444 2426.88 18 0 0 

Secondary mirror (M2) 0 203.285 2034.82 0 0 0 

Filter mechanism (FM) 0 139.62 2428.69 4 0 0 

UV detector (UVD) 0 74.982 2828.55 0 0 0 
Polarimeter (PS)   

 (Front lens) 0 129.44 1935.65 0 0 0 

  
  
  
Bench-Assy 
  
  
  

VL detector (VLD) 0 135.81 1566.50 -  6.1 0 0 

 

Table 2.1   GRS component coordinates. LRS origin position and reference tilt relative to GRS. 
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3 TOLERANCE MATRIX 
 
The tolerance matrix for the optical components mechanical positioning used in the 
tolerance analysis is given in Table 3.1. 
 
 
 
 Bench Assembly 

Item M1 M2 FM PS UVD VLD 

∆x (mm) 0.05 0.05 1.0 0.1 - - 

∆y (mm) 0.05 0.05 1.0 0.1 - - 

∆z (mm) N/A 0.545 0.5 0.5 - - 

∆Mx (deg) 0.05 0.05 0.1 0.1 - - 

∆My (deg) 0.05 0.05 0.1 0.1 - - 

∆Mz (deg) 0.1 0.1 N/A N/A - - 

Rcurv (mm) 1.0 0.75 - - - - 

Conic const. 8.0 E-3 1.3 E-3 - - - - 

BFL compensator 
(mm) 

- - - - 10.0 10.0 

 
 

Table 3.1 - Optical component tolerances used in calculations.  

 
 
Positioning tolerances  are derived using the following limits: 
 

• mechanical inserts in the optical bench: 0.01 mm; 
• micrometer resolution: 0.01 mm; 
• z-rotation tool resolution: 5 arcminute; 
• peelable shim thickness: 0.05 mm. 
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4 RESULTS 
 
The tolerance analysis was performed with the ZEMAX toleracing tool using as merit 
control (figure of merit) the RMS spot radius and with a single compensator for the 
back focal length (BFL). 
For a given set of tolerances, the toleracing procedure (sensitivity analysis) computes 
the change, from the nominal value, in the figure of merit for each of the extreme 
values of the tolerance individually. 
After all the individual tolerances are computed, ZEMAX then computes a variety of 
statistics, the most important of which is the estimated change in the figure of merit 
and associated estimated performance. ZEMAX uses a Root Sum Square (RSS) 
assumption for computing the estimated changes in the performance. For each 
tolerance, the change in performance from the nominal is squared and then averaged 
between the min and max tolerance values. The resulting averaged squared values 
are then summed for all the tolerances, and the square root of the result is taken. The 
average of the min and max tolerances is taken because the min and the max 
tolerance cannot both occur simultaneously, and so summing the squares would result 
in an overly pessimistic prediction. The resulting RSS is the estimated change in 
performance. 
As an alternative way of estimating aggregate effects of all tolerances, a Monte Carlo 
(MC) simulation is provided. The value of the Monte Carlo analysis is estimating the 
performance of the lens considering all of the tolerances simultaneously. Unlike the 
sensitivity analysis, which identifies the "worst offenders" in the system, the Monte 
Carlo analysis estimates the real-world performance of a system which meets the 
tolerances specified. No approximations are made other than the range and 
magnitude of defects considered. By considering all applicable tolerances 
simultaneously and exactly, highly accurate simulation of expected performance is 
possible.  
The tolerance analysis results for the two UVCI paths are reported in Table 4.1. 
 

 

 RMS Spot Radius (µm) BFL Compensator (mm) 

UVCI Path Nominal Estimated MC (10000 trials) Statistics 

   Mean StdDev Estimated MC 

EUV 2.3 11.8 6.3 2.7 -3.1 – 3.1 -5.0 – 4.8 

VL 7.0 14.2 10.2 2.6 -3.1 – 3.1 -4.8 – 5.4 

Table 4.1 - Tolerance analysis results. 

 
In Table 4.2 are reported the ' worst offenders ',  i.e. the tolerances which have 
greater contributions to the increase in the figure of merit than other tolerances, for 
the two UVCI paths, as derived from the previous sensitivity analysis. This allows to 
identify surfaces which are highly sensitive to certain errors, such as tilts or 

Ref.: Tolerances_TR.doc 6
 



UVCI tolerance analysis  Technical report 
 

decenters, and aids in identification of which tolerances need to be tightened, and 
which might be loosened. 
As evident from the results, the M2 and Filter Mechanism tolerance values for the tilt 
about the X axis give the greater contribution to the figure of merit degradation, and 
then, if possible, need to be tightened. 
 
 
 

UVCI Path Optical 
component 

Tolerance Figure of merit 

  Type Value Value Change from 
nominal 

M2 X-tilt 0.05 8.4 6.1 

M2 X-tilt -0.05 6.7 4.4 

M2 Conic const 0.0013 6.6 4.3 

M1 Radius -1.0 6.6 4.3 

EUV 

M2 Z-decenter 0.545 6.6 4.3 

FM X-tilt -0.1 12.2 5.2 

M2 X-tilt 0.05 12.1 5.1 

M2 Conic const 0.0013 9.5 2.5 

M2 X-tilt -0.05 9.5 2.5 

VL 

M1 Conic const 0.008 9.4 2.4 

Table 4.2 - Values of the Worst Offenders as obtained from the sensitivity tolerance analysis. 

 
 
 
 
 
 
 
 
 
 
 

Ref.: Tolerances_TR.doc 7
 



UVCI tolerance analysis  Technical report 
 

5 LIST OF ACRONYMS 

 
 
BF  Baffle 

BFL  Back Focal Length 

EO  External occulter 

FM  Filter mechanism (Cor B) or mount (Cor A) 

FP  Focal plane 

GRS  Global Reference System 

IO  Internal occulter 

LRS  Local Reference System 

LT  Lyot trap 

M0  Sun disk rejection mirror 

M1  Primary mirror 

M2  Secondary mirror 

MC  Monte Carlo 

OB  Optical bench 

PS  Polarimeter Section 

RSS  Root Sum Square 

UVD  UV detector 

VLD  Visible-light detector 
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